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General and Physical Chemistry. 

Relation between Atomic Volumes [of Elements in Com- 
bination] and Optical Refractivities. GERVAISE LE BAS 
(Nature, 1921, 108, 272-274).-A periodic relationship is known 
to exist between the atomic volumes of elements in combina- 
tion, the differences between the atomic volumes of successive 
members of the same series being of the order of that of hydrogen. 
Similar serial and group relations are observed with the atomic 
refractivities, the serial differences again being of the order of the 
atomic refractivity of hydrogen. When the atomic volumes of 
carbon, nitrogen, oxygen, fluorine, silicon, phosphorus, sulphur, 
chlorine, arsenic, selenium, bromine, and iodine are plotted against 
their atomic refractivities, the points obtained lie approximately on 
a straight line. 

Molecular Refraction of some Molten Salts and their 
Degree of Dissociation. G .  MEYER and HECK (2. Elektrochem., 
1922, 28, 21-23).-The molecular refraction of molten sodium 
hydroxide and nitrate and potassium hydroxide and nitrate has 
been measured a t  a series of temperatures between 320" and 440". 
The method adopted was to allow a ray of light (sodium) to fall 
into a prism of the molten substance and be reflected from a metallic 
mirror inside the prism. The densities of the molten salts were 
determined for all the temperatures used. The mean molecular 
refraction over the whole temperature range is found to be : sodium 
nitrate 11-54, potassium nitrate 14-09, sodium hydroxide 5-37, and 
potassium hydroxide 7-71. These values, which are accurate to 
one unit in the second decimal place, the refractive index being 
accurate to one unit in the third decimal place, are in good agree- 
ment with the values calculated from the atomic refractions. 
Using the values 2.80 and 2.59, respectively, for the atomic refrac- 
tions of the sodium atom and the sodium ion, it is calculated that 
molten.sodium nitrate is dissociated to  6107%. The influence of 
temperature on the molecular refraction of all the substances 
examined is very small. 

F. W. ASTOX 
and R. H. FOWLER (Phil. Mag., 1922, [vi], 43, 514--528).-A 
mathematical discussion of some points raised by the performance 
and further design of the mass spectrograph. 

J. FRANCK (Festschrift 
Kaiser Wilh. Ges. Ford. Wiss. Zehnjkhtrigen Jubilaum, 1921, 77- 
Sl).-A summary of the manner in which the broadening of spectral 
lines has been explained, or is capable of explanation, both by 
classical methods and in terms of the quantum theory. Radiation 
damping has been fairly adequately explained on the quantum 

A. A. E. 

J. F. S .  

Some Problems of the Mass Spectrograph. 

J. R. P. 

The Broadening of Spectral Lines. 
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theory by Stern and Volmer ; the Doppler effect may be explained 
by the influence of radiation pressure, whilst collipion damping is 
considered to be due to the electron transitions produced by a 
collision, together with a sudden warping of the electron orbits. 

CHEMICAL ABSTRACTS. 

Intensity and Broadening of Spectrum Lines. CHR. BUCHT- 
BAUER and G. JOOS (Physikal. Z., 1922, 23, 73--8O).-The form 
of a spectrum line broadened by another gas depends on the latter, 
not on the absorbing gas. The constant representing the broaden- 
ing is, with hydrogen and nitrogen, proportional to  the density. 
I n  the first pair of the principal series of czesium, the number repre- 
senting the dispersing electrons on the classical theory is equal to 
the number of cmium atoms. For the mercury line 2537, the 
number of resonators is one forty-fifth of the number of atoms. The 
maximum of 2537 is less displaced towards the red by hydrogen 
than by carbon dioxide and nitrogen. 

Excitation Stages in Open Arc-light Spectra. I. Sodium, 
Potassium, Calcium, Strontium, Barium, and Magnesium. 
11. Silver, Bismuth, Cadmium, Zinc, Air, and Copper. 
B. E. MOORE (Astrophys. J . ,  1921, 54, 191-216, 246-272).-An 
investigation of the variation of the spectrum with current, using 
a potential of 2000 volts and currents of 0.02 to  1 ampere, dis- 
tinguishes between five stages of excitation; the features of each 
are described, and a number of intensity-current curves are given. 
The relation of the results to previous work, including the Bohr 
theory, is briefly discussed. 

J. R. P. 

A. A. E. 

Influence of the Pressure of Foreign Gases on the &Lines 
in Saturated Sodium Vapour. R. MINKOWSKI (Physikal. Z., 
1922, 23, 69-73).-Measurements of the magnetic rotation of the 
1)-lines of sodium vapour in presence of nitrogen under various 
pressures showed that the constant representing, on the classical 
theory, the number of dispersion electrons in unit volume is affected 
by pressure. The difference in the values of this constant deter- 
mined by absorption measurements and extrapolated from the 
magnetic rotations is largely, perhaps entirely, to be ascribed to 
the influence of pressure. The broadening of the lines under the 
influence of pressure is largely confined t o  the side near the red. 
The method may be used in the determination of small partial 
pressures of monatomic vapours in mixtures. J. R. P. 

The Production of Enhanced Line Spectra. R. A. SAWYER 
and A. L. BECKER (Science, 1921, 54, 305--306).-When calcium 
wires are exploded by the Anderson method (Astrophys. J . ,  1920, 
51, 37), i t  is found that, as the size of the wires employed 
is decreased, the energy of the stimulus remaining the same, the 
intensity of the enhanced lines is increased, indicating a more 
complete ionisation of the calcium atoms. A fine asbestos fibre 
about 3 em. in length was therefore saturated with an aqueous 
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solution of a calcium salt, and the charge of the high-tension con- 
densers thrown across it. The fibre remained uninjured, and the 
calcium spectrum thus produced showed a striking enhancement 
of the spark lines of calcium over the arc lines, indicating that a 
large proportion of the emitting atoms were ionised. A table 
giving the relative intensities, under various conditions, of prominent 
spark- and arc-lines of calcium shows that the new source of light, 
provisionally called the “ super-spark,” yields a degree of ionisation 
comparable with, or perhaps in excess of, that existing in the high 
chromosphere of the sun and in the early (or hot) type B stars. 
Very minute amounts of material suffice for the production of 
intense spectra by this method, and practically only metallic lines 
are produced; the spectra of hydrogen, oxygen, or of the acid 
radicle of the salt used do not appear, and only the strongest air 
lines could be observed. A. A. E. 

The Evolution of the Spectrum of Magnesium under the 
Influence of Increasing Electric Fields. Applications to 
Astrophysics. A. DE GRAMONT and G. A. HEMSALECH (Compt. 
rend., 1922, 174, 356--361).-1n a discussion of previous work 
(A., 1921, ii, 611), it is shown that the spectral effects of intense 
electric fields are particularly marked in the initial stage of it 
luminous phenomenon (arc or spark) when the temperature and 
the electrical conductivity of the vapours are not very high. As 
the temperature increases, the emission, which depends on rapid 
falls in potential, diminishes or disappears. In  consequence, the 
authors consider it dangerous to conclude that a star has a high 
temperature because the spark rays predominate in its spectrum. 

W. G. 

The Lines K ,  of the Light Elements. V. DOLEJSEK (Compt. 
rend., 1922, 174, 441--443).-The author has again measured the 
K, lines of the elements from zinc to chlorine. He has found for 
these elements the lines a3 and a4 which Hjalmar had measured 
for the elements sulphur to sodium. They are inseparable above 
scandium. The line a7, according to Siegbahn’s notation, was 
also found for the elements calcium to chlorine. In  addition, a 
new satellite of ccl of shorter wave-length has been found. It 
appears to be an emission band, and is denoted by a:. The line cc3 
found by Duane and Stensfrom for tungsten could not be observed. 

W. G. 

The Complexity of the K Series of the Light Elements 
and its Theoretical Interpretation. A. DAUVILLIER (Cornpt. 
rend., 1922, 174, 443--445).-Ten components of the K series 
for copper have previously been reported. Their wave-lengths 
are now recorded. Working under the same conditions (cf. A., 
1921, ii, 669), the K series of molybdenum has been studied without 
observing any rays other than those found by Duane. The line a3 
found by Duane for tungsten does not exist either for copper or 
molybdenum. An attempt is made to show the relationship 

9-2 
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between the author’s measurements of the rays u,, a3, and a(4 of 
copper and those of Hjalmar for the elements calcium t o  sodium. 

W. G. 
Wave-lengths Longer than 5500 A. in the Arc Spectra of 

yttriwn, Lanthanum, and Cerium, and the Preparation of 
Pure Rare Earth Elements. C. C. KIESS, B. S. HOPKINS, and 
H. C. KREMERS (U.S.  Bureau of Standards, Xci.  Papers, 1921, 
No. 421, 318--351).-Photographic determinations were made in 
the yellow, red, and infra-red regions of the arc spectra, as follows : 
yttrium, 170 lines to 7881.868 A,, lanthanum, 410 lines to  9078.99 
A., cerium, 1700 lines to 9024.68 A. A description is given of t h  
methods used in the purification of the substances employed, corn- 
pounds of cerium, samarium, lanthanum, neodymium, and gado- 
linium being obtained from a sample of “ Welsbach ” sodium rare- 
earth sulphate, and those of yttrium, dysprosium, and erbium from 
qadolinite and xenotime. The cerium was removed from the ’ Welsbach ” residues by precipitation with potassium bromate as 
basic ceric bromate; the other elements were then separated by 
way of the fractional crystallisation of the double magnesium 
nitrate. The yttrium-group material was freed from the elements 
of the cerium group, and then fractionally crystallised as bromate. 

D. COWER (C‘ompt. 
rend., 1922, 174, 378--379).--The author has again measured the 
spectra of a large number of elements (tantalum to rubidium), 
and in general the new results confirm the conclusions of previous 
work and in addition lend support to Bohr’s theory of the structure 
of the atom (cf. this vol., ii, 277). Certain of the author’s results are 
more or less opposed to the results and conclusions of Dauvillier 
(cf. A., 1921, ii, 421,475, 699) and these divergences are summarised. 

The Infra-red Absorption Spectra of Alkali Hydroxides. 
G. E. GRANTHAM (Physical Rev., 1921, 18, 340; cf. Howe and 
Gibson, ibid., 1917, 10, 767).-When the absorption of solutions 
of sodium, potassium, and lithium hydroxides (of various concen- 
trations) and of ammonium and caesium hydroxides (one solution 
each) was determined with reference to  that of water, all the curves 
showed a broad, intense absorption band with a maximum at 
about 2*29p, except in the case of the ammonium hydroxide 
solution, for which the maximum was found to be at 2 . 2 0 ~ .  The 
absorption was found to  be proportional t o  the concentration, but 
not to vary systematically with the atomic weight of the metal 
used. It is suggested that  the band is due to dissociated hydroxide 
ions, although in the case of other hydroxide solutions such a band 
has not previously been observed. Maximum absorption of water 
was observed at 1.48 and 1.98,u. The effect of dissolving an alkali 
hydroxide is to decrease the absorption of the water in the band a t  
1 . 4 8 ~  by an amount proportional to  the concentration of the solution 
and to the atomic weight of the metal of the base. 

CHEMICAL ABSTRACTS. 
The L Series of the X-Ray Spectrum. 

W. G. 

A. A. E. 
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The Ultra-violet Absorption Spectra and the Optical 
Rotation of the Proteins of Blood Sera. S. JUDD LEWIS 
(Proc. Roy. Soc., 1922, [B], 93, 178-194; cf. A,, 1917, ii, 62).- 
Eleven sera, six from the horse and five from man, were used for 
the separation and purification by modifications of well-known 
methods of the albumin, euglobulin, and $-globulin. The optical 
rotation and the ultra-violet absorption spectra of the individual 
proteins were examined in detail. $-Globulin, euglobulin, and 
albumin from horse sera had specific rotations of - 5 Y ,  -43", 
and - 57-4", respectively, the corresponding values for human 
being -46" and -48" for the globulins and varying values for 
the albumin. The absorption curves are similar in form and 
ceharacter to that of serum, well-developed bands being best found 
a t  concentrations of O.OS~o for albumin and 0.040,/, for the globulins. 
The absorption curve of $-globulin is the same for the horse and 
man and differs from euglobulin in the extinction coefficients but 
riot in general form. For horse and human albumin, the curves 
are the same except for a constant ratio in their magnitudes, due 
possibly to physical or chemical associntion of an aggregate of 
little or no absorptive power. 

The Fluorescence of Mercury Vapour. J. 8. VAN DER 
TANGEN and 1%. w. W O O D  (Astrophys. J . ,  1921, 54, 149-160).- 
Since the fluorescent spectrum of mercury vapour cannot be excited 
in quiescent vapour, but only in vapour which is being distilled 
from the metal a t  a temperature not less than 150", the active 
molecules are presumably not neutral monatomic molecules, but, 
others, possibly diatomic, present only during distillation. The 
spectrum consists of lines a t  2636, 3539, and 2346 8., and four 
structureless bands with maxima a t  2346, 2540, 3300, and 4850 A. 
The complete spectrum is excited by light from a zinc spark, but 
single lines excite only a part. The relation of the spectrum to 

Hydrates of Boron Trioxide as a Constituent of Systems 
Capable of Strong Phosphorescence and containing Organic 
COIIIgQlalldS. ERICH TIEDE and PETER \vULFI? (BPI. . ,  1!)22, 55, 
1 B] ,  588--597).--The phosphorescencc of partly dehydrated boric 
:wid (A., 1921, ii, 75) originates from t!rnces of organic compounds, 
is reuiovablc, not by recrystallisation, ignition in a stream of 
oxygen, boiling with nitric acid, or fusion with potassium nitrate, 
Ijut by boiling with fuming nitric acid for twenty-four hours, 
subsequently recrystdlisiiig three times from water specially 
purified, and finally igniting the upper portion of the filtered mass 
(which had not been in contact with filter-paper) in a platinum 
crucible. Phospliorescence could not be induced in such a product 
by any means other than by introduction of organic impurities. 
For this purpose, even those present in ordinary distilled water 
suffice. A number of fluorescent boric acid compounds were prc- 
pared by the respective additions to purified boric acid of flumes- 
cein, its sodium salt (uranin), phenolphthalein, benzoic acid, quinone, 

H. K. 

the exciting light is examined in some detail. A. A. E. 
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aniline, dimethylaniline, diphenylamine, phenol, quinol, naphthol, 
terephthalic acid, pyridine, and quinoline-in short, aromatic or 
heterocyclic compounds, but not aliphatic compounds, unless these 
(for example, ethylene glycol or ' sugar) undergo some decom- 
position-followed by fusion of the mixtures to  transparent glasses, 
or by heating for two hours in the vacuum of a water-pump until 
a partly sintered mass is produced. Inorganic compounds, even 
those of uranium or the platinocyanides, with the exception of 
boron nitride (Tiede and Biischer, A., 1921, ii, 74) do not produce 
phosphorescent materials, nor can the boric acid be replaced 
by silicic or phosphoric acids, Hydration to orthoboric acid 
consequent on exposure of the products to air largely destroys the 
phosphorescence, as does also too intense dehydration. Phosphor- 
escence is excited by daylight, but usually best by the ultra-violet 
light of the quartz lamp, and does not usually persist for more 
than two minutes. The intensity, however, is frequently much 
greater than that from the phosphorescent alkaline earths and 
sufficient momentarily to illuminate comparatively large spaces. 
Blue tones predominate, but reddish-yellow and green effects have 
been observed, Rontgen, cathode, and radium rays have no 
effect. The new produots show only slight tendency towards 
thermoluminescence, down to the temperature of liquid air. In  
common with analogous cases, they are produced when the medium 
(boric acid) suffers contraction. They offer no support for the view 
that luminescence of organic compounds is dependent on their 
slow decomposition (Perrin, A., 1918, ii, 418; 1919, ii, 177). Pure 
anthracene, in spite of its fluorescence, causes no fluorescence in 
boric acid, but compounds like ethyl dihydrocollidinedicarboxylate, 
which are excited by radium rays, give a product in which fluor- 
escence is produced by ultra-violet illumination, but is indifferent 
to radium. It is presumed that the phosphorescence emanates 
from definite organic derivatives of boric acid (cf. Dimroth and 
Faust, A., 1922, i, 155; Pictet, A,, 1903, i, 601). Thus orange 
crystals result from evaporation of a solution of boric acid con- 
taining uranin (1 : 3000), but these, on fusion, become light green 
and simultaneously acquire capacity for phosphorescence. 

J. K. 

Action of Red and Infra-red Rays on the Phosphorescent 
Sulphides. MAURICE CURIE (Compt. rend., 1922, 174, 550- 
553) .-AS an explanation of the extinguishing action of the less 
refrangible part of the spectrum on certain phosphorescent sub- 
stances, it is suggested that the action of the extinguishing rays 
will consist in rendering the medium a conductor by the detach- 
ment of electrons from the atoms of sulphur, in the case of the 
sulphides. In  support of this theory, experiments are described 
in which an increase of conductivity was found for finely-powdered 
sulphur and certain sulphides when they were exposed to the 
action of red rays. This hypothesis also gives an explanation 
of the fact that the extinguishing action is not limited to the red 
and infra-red portions of the spectrum. W. G. 
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Preparation of Phosphorescent Magnesium Sulphide. 
ERICH TIEDE and PRIEDRICH RICHTER (2. EEektrochem., 1922, 
28, 20-21) .-Strongly phosphorescent preparations of magnesium 
sulphide containing small quantities of bismuth, antimony, or 
manganese may be prepared. These substances exhibit a violet, 
golden-yellow, or dark red phosphorescence and an afterglow which 
in every way corresponds with that of the well-known preparations 
of the alkaline earth sulphide. Details of the method of preparation 
of phosphorescent magnesium sulphide are not given in the paper. 

J. F. S. 

Experimental Proof of some Theories of Natural Rotatory 
Power of Optically Active Solutions. PAUL WETTERFORS 
(2. Physik, 1922, 8, 229-242).-With the object of testing the 
hypotheses of optical rotation put forward by Lorentz and Livens 
(" Theorie elektr. opt. Erscheinungen," 1906 ; A., 1913, ii, 543 ; 1914, 
ii, 830), the author has measured the specific rotation, [a], the 
refractive index, n, and the rotatory dispersion of solutions of 
camphor in ethyl alcohol, propyl alcohol, acetone, benzene, and 
toluene, and of a-bromocamphor in the three last-named solvents. 
The measurements were made with solutions of various concen- 
trations from 10.02 to 49.98 grams per 100 C.C. of solution at  
temperatures from 11.1" to 18.0". Four series of measurements 
were made in each case with light of wave-lengths 589pp7 546pp, 
436pp, and 710pp, the first being obtained from a sodium lamp and 
the three latter from a quartz mercury lamp by the use of suitable 
light filters. The specific rotation of a-broinocamphor in acetone 
solution in various concentrations, c,  is given by the equations 
[cc]~=710=86.87+0.0625~ ; [ a ] ~ ~ ~ ~ ~ = ~ ~ ~ ~ ~ 8 ~ ~ ~ ~ ~ ~ ~ c  ; [E]A=546= 
172.01+0.1389c ; [a]h=ass=350.25+0.3561. It is shown in general 
the rotation increases with increase of temperature, since the 
concentration of a solution decreases with increasing temperature 
the specific rotation is also greater. An exception is found in the 
case of acetone solutions of a-bromocamphor ; here the rotation 
decreases with increasing temperature, but the specific rotation 
is independent of temperature. The rotatory dispersion, defined as 
the ratio [a],\ : [a]!1589 where [a],\ is the specific rotation for the wave- 
length A and the same quantity for h=589, changes in general 
with the concentration. Bromocamphor shows an increase, 
camphor a decrease for the wave-lengths A=546pp and 436pp 
(h>589pp), but for X=710pp (X(589) an increase when the con- 
centrations are greater. Solutions of camphor in acetone are 
exceptional, for here the rotatory dispersion is constant. According 
to Livens's theory, the expression [a]=rv2/2 . (m2- l)[a(n2- l)+ 11 
must hold; this has been rewritten in the form [ a ] = ~ y ~ ( n ~ - l ) ~ - k  
~ ~ ( n ~ - l ) ,  where yo=rv2/2.  On plotting the values of [a]/(n2-1) 
against (n2-l), a straight line should be obtained. Treating the 
present experimental values in this way actually leads to straight 
lines for solutions of camphor in benzene and toluene, and for 
bromocamphor in benzene; in all other cases a straight line passes 
only approximately through the points. The values of a and go 
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have been evaluated by the method of least squares, and it is shown 
that the value of a is always negative its shown by Peacock (T.,, 
1914, 105, 2782; 1915, 107, 1547). The numerical values of a 
are largest for bromocamphor in toluene and benzene and smallest, 
for camphor in ethyl alcohol. The a value for camphor in toluene 
is the same for A=546pp and A=436pp. It is shown, therefore, 
that the Lorentz-Livens hypothesis can only claim to give qualitative 
representation of the present material. According to Oseen’s 
hypothesis, the expression k=[a] : (n2+2)2 must be constant. The 
experimental data show that this is not the case, for in the case 
of solutions of camphor in benzene, toluene, and the alcohols, 
the Ic value increases with increasing concentration, but decreases 
with acetone solutions. Further, except in the case of solutions 
of camphor in propyl alcohol, the value of k is a linear function 
of the concentration. 

Photochemical Studies. XIV. Fundamental Photochemi- 
cal Laws. J. PLOTNIKOW (2. wiss. Photochem., 1922, 21, 134- 
€40) .-A theoretical paper in which Einstein’s photochemical 
cq uivalent law and the Grotthus-van’t Hoff photochemical absorp- 
tion law are critically examined. It is shown that Einstein’s 
law leads to the following improbabilities. On calculating the 
energy absorbed, by one gram molecule, from light of various 
wave-lengths, i t  is found that the extreme ultra-violet, lOOpp, 
gives up 300,000 cal. and Rontgen rays 3 x lo9 cal., which indicates 
that with decreasing wave-length light becomes much more active, 
until, with Rontgen rays, all molecules will be simply destroyed. 
Further, all atoms in all reactions in all solvents must react with 
the same velocity a t  all temperatures and must take up the same 
quantity of energy. It is showp that the Grotthus-van’t Hoff 
law is diametrically opposed to thc Einstein law. Nine classes 
of photolytic reactions are quoted in which the Einstein law in 
no way represents the facts, and two further classes are noted in 
which deviations from the law of -8% to 22y0 are observed. 
The photolysis of hydrogen iodide and hydrogen bromide alone 
give an approximate agreement, but here there is a divergence 
varying between -3.374 and +4%. Weigert’s recent paper 
(2. Physik, 1921, 5, 421), which shows the applicability of the 
Einstein law and characterises the Grotthus-van’t Hoff law as 
untenable, is criticised. It is shown that the reactions studied 
and the method of operation is much too complicated to  makt1 
i t  possible to draw conclusions of the type drawn by Weigert from 
the results. I n  the present author’s opinion, the Einstein law in 
its present form cannot be maintained. 

Photosynthesis and the Electronic Theory. 11. HENRY 
H. DIXON and NIGEI, G. BALL (Sci. Proc. Roy. Dubl. SOC., 1922, 
16, 4 3 5 4 4 1 ;  cf. Dixoii and Poole, A., 1920, ii, 343).-1n con- 
t,inuation of previous work, the photo-electric properties of chloro- 
phyll were investigated. The electronic theory of sensitisation 
is supported by experiments in which sensitised photographic 
plates were affected by light at  a temperature of ---185’, chemical 

J. F. S. 

?J. F. S. 
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action being thereby precluded. Using collodion hlms, it mas 
shown that sensitisationiby chlorophyll is also effective even a t  
the temperature of liquid air. Since only light of visible wave- 
lengths is absorbed by chlorophyll, and since earlier experiments 
have shown that electrons are not expelled from chlorophyll, it 
follows that the light absorbed is wholly used in the displacement 
of electrons within the molecule, thereby making some atomic 
group or groups reactive. In  photosynthesis, these groups may 
react with carbon dioxide and water, according to the scheme 
chlorophyll-a+CO,=chlorophyll-b+CI-I,O and chlorophyll-b+ 
H,O=chlorophyll-a+ 0,. It is assumed that these reactions 
only take place during illumination and depend on its intensity. 
The velocity of the first reaction would only increase with intensity 
of illumination so long as carbon dioxide is in excess, whilst the 
velocity of the second reaction would only be indirectly influenced 
by this factor. G .  W. R. 

Absorption of Rontgen Rays. K. A. WINGHRDH (2. Physilc, 
1922, 8, 363-376).-A method for the determination of the absorp- 
tion coefficients of substances in solution for the homogeneous 
Rontgen rays of the K ,  line of molybdenum is described. The 
atomic absorption coefficients are calculated, and it is shown that 
the logarithms of these when plotted against the logarithms of 
the ordinal numbers of the elements give two straight lines. Oxygen 
showed a marked deviat'ion. J. R. P. 

Spark Lines in the RSntgen Spectrum. GREGOR WENTZEL 
(Ann. Physilc, 1921, [iv], 66, 437461).-1t is assumed that the 
inner shells of the atom may under certain conditions undergo 
repeated ionisation. By the spontaneous transition of an atom 
from such a state to a stat,e of equal level, Rontgen lines will be 
emitted which correspond with spark lines in the optical spectrum. 
It is shown that the emission can have only one he-structure 
of known Rontgen lines, which is extended usually towards the 
region of short wave-lengths. All the lines which previously 
caused difficulty in the systematic arrangement of Rontgen spectra 
can be regarded as spark lines; in particular the hard Ku satellites, 
from Kor, to a6 can be derived from two combination relations, 
and the complex structure of the K-absorption edges observed 
by Fricke is also elucidated. The magnitudes of the frequency 
differences and their linear change with ordinal number are 
satisfactorily explained. J. R. P. 

X-Rays and Thermodynamic Equilibrium. L. DE BROGLIE 
( J .  Phys. Radium, 1922, [vi], 3, 3345).-The conditions of 
thermodynamic equilibrium between atoms, electrons, and radiation 
in an enclosure maintained a t  a temperature T are considered. 
The statistical equilibrium between the atoms is described by 
the law of Maxwell and Boltzmann, which may be applied to 
systems in which the total energy may assume only a certain 
number of discontinuous values. The equilibrium density of 
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radiation in the region of frequencies considered may be reprc- 
sented by Wien’s law. The free electrons are considered as forming 
an ideal gas, with density proportional to F. The atomic 
coefficient of absorption of a substance is then shown to be given 
by p=CA32:,nPE2,, where C is a constant, A the wave-length, np the 
number of electrons in the level p (in the sense of Bohr’s theory), 
and Ep=hvp the energy emitted when the atom passes from the 
ionised to the normal stat’e. This result is compared with experi- 
ment. J. R. P. 

Stopping Power and Atomic Number. J. L. GLASSON 
(Phil. Mag., 1922, [vi], 43, 477--481).--Hy a discussion of known 
results it is shown that the stopping power of an atom is propor- 
tional to  N%, where A7 is t!he atomic number, rather than to AS, 
where A is the atomic weight, as previously supposed. This 
agrees with the higher stopping power of hydrogen as compared 
with helium. J. R. P. 

M. L. NEUBURGER (Nature, 
1921, 108, 180).-Meitner’s (this vol., ii, 15) nucleus model of the 
radio-elements permits of the division of the radioactive isotopes 
into four classes : (1) those which possess only the same nuclear 
charge and the same arrangement of their outer electrons, for 
example, radium and mesothorium-I, (2) those which have in 
addition the same atomic weight and the same total number of 
nuclear “ building stones,” for example, ionium and uranium- Y ,  
(3) those having the same number of each nuclear building stone, 
but a different arrangement of these in the atomic nucleus, for 
example, radium-D and actinium-B, (4) those possessing the same 
arrangement of building stones, and thus the same probability 
of disintegration, for example, radium-G and actinium-l). Such 
elements cannot at present be designated isotopes since there is 
no available means of distinguishing between them. 

ELIZABETH RONA 
(Ber., 1922, 55, [B],  294-301).-Ionium has been estimated in 
various radium residues according to the “ indicator ” method with 
the aid of uranium-X and. the content has been compared with 
that of pitchblende. The final residues obtained during the 
extraction of radium in Austria still contain approximately 16% 
of the ionium present originally in the pitchblende. Thorough 
extraction of the latter with nitric acid on a laboratory scale gives 
insoluble residues which are almost completely free from ionium. 

The importance of the estimation of ionium for that  of proto- 
actinium in uranium minerals and for the inter-relationships of 
the actinium series is discussed. H. W. 

A Lecture de- 
livered before the Chemical Society on February 9th, 1922. SIR 
ERNEST RUTHERFORD (T., 1922, 121, 4 0 0 4 1 5 ) .  

H. GREIN- 
ACHER (Physilcal. Z., 1922, 23, 65-69).-When a flame coloured 

Isotopy of the Radio-elements. 

A. A. E. 
The Ionium Content of Radium Residues. 

Artificial Disintegration of the Elements. 

Luminescence of Flame Ions in the Air Spark. 
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with a salt vapour is brought into a strong electric field, the ions 
may be caught on two platinum wires, outside the flame, on which 
they may afterwards be detected spectroscopically by heating. 
When a spark is passed between a wire in the flame and a brass 
sphere a few centimetres from the flame, or two wires similarly 
placed, the spectrum of the spark shows the lines of hydrogen 
and the metal ions. Lithium, sodium, potassium, rubidium, 
cesium, thallium, and strontium were examined. The metals 
move principally to the negative electrode, but partly to the positive. 
In  the case of strontium, all the lines leave the flame, but in the 
other cases only a limited number. In  spite of the strong field 
in the spark, only the lines with a small exciting potential (small 
hv) appear. The ions are partly produced in the flame and partly 
in the spark. An apparent change in wave-length occurs. 

J. R. P. 

Ionic Equilibria on Metallic Surfaces. H. VON EULEE 
[with ARVID HEDELIUS and ZIMMEBLUND] (2. Electrochem., 1922, 
28, 2--Ci).-An account is given of the sorption of gold, silver, 
and mercury ions on the surfaces of the metals. The method 
consisted in determining analytically the change in the concen- 
tration of solutions of silver nitrate and silver sulphate after they 
had been in contact with metallic silver and gold respectively. 
Similar experiments are described for solutions of mercuric chloridc 
in contact with mercury. It is shown that 1 sq. metre of silver 
surface absorbs 0.35 mg. ion from silver nitrate and 0.6 mg. ion 
from potassium chloride solution, whilst the same area of gold 
absorbs 0.063 mg. ion from silver nitrate. A sq. metre of mercury 
surface absorbs 0.004 mg. ion from mercuric chloride solution. 
The results are discussed in connexion with the charge of an electric 
double layer. J. F. S. 

Evidence for the Existence of Homogeneous Groups of 
Large Ions. P. J. NOLAN (Physical Rev., 1921,18, 185-198).- 
Using, as did Blackwood (ibid., 1920, 16, 85), the Zeleny method 
for the measurement of the mobilities of ions, instead of that 
previously employed by McClelland and Nolan (Proc. Roy. Irish 
Acad., 1919, 35, [ A ] ,  1, and previous papers), evidence has been 
adduced to confirm the author’s original statement that when 
large ions are produced in air in various ways, the ions can bc 
divided into a number of groups, each group having a definite 
mobility. It is considered that Blackwood’s negative results 
were due to ions changing from group to group when the time 
spent in thc measuring chamber is relatively long. 

The Scattering of Electrons by Nickel. C. DAVISSON and 
C. H. KUNSMAN (Science, 1921, 54, 522--524).-When a nickel 
target is bombarded by a stream of electrons, there is observed, 
besides the emission of slowly moving secondary electrons char- 
acteristic of all metals, an appreciable emission of electrons of higher 
speed. After experimental and mathematical examination of 

A. A. E. 
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the phenomenon, it is suggested that the sharp deHexions experi- 
enced by these scattered electrons must result from their pene- 
tration into the atomic structure and their deflexion by the st,rong 
field which they encounter. 

Dielectric Constants of some Esters at Low Temperatures. 
L. C. JACKSON (Phil. Hag., 1922, [vi], 43, 481--489).-A method 
is described for the determination of the dielectric constants of 
solid and liquid substances by the use of triode valve circuits. 
The result's, with a frequency of 4.7 x 105 per second, were, a t  the 
absolute temperatures indicated, as follows : methyl formate, 
2.56 a t  78.65"; ethyl formate, 2.40 a t  81.3"; n-propyl forma(te, 
2-39 a t  79.5"; n-butyl formate, 2.43 a t  78.7"; methyl acetate, 
2-58 at 77.3"; ethyl acetate, 2-48 a t  79.15"; n-propyl acetatc, 
2-42 a t  80.9"; n-butyl acetate, 2.41 a t  77.6". The values are 
smaller than those found a t  the ordinary temperature (5 to 9). 
The acid radicle apparently contributes but little to the value of 
the dielectric constant. The dielectric constant of n-butyl acetate 
increases linearly with decrease of temperature to the melting point 
a t  which there is a sudden fall, followed by a very gradual rise as 
the temperature is still further lowered. 

Conductivity of Concentrated Solutions of Sodium and 
Potassium in Liquid Ammonia. CHARLES A. KRAUS and 
WALTER W. LUCASSE ( J .  Amer. Chem. Xoc., 1921, 43, 2529- 
2539) .-The specific conductivity of solutions of sodium and 
potassium in liquid ammonia a t  its boiling point (-33.5") has been 
measured for concentrations from O96N to saturated solutions. It 
is shown that as the concentration increases, the specific conduc- 
tivity increases enormously, reaching the values 0.5047 x lo4 and 
0.4569 x lo4 for saturated solutions of sodium and potassium 
respectively. The specific conductivity of solutions of sodium and 
potassium a t  the same equivalent concentration is very nearly 
the same. The equivalent conductivity of saturated solutions of 
sodium and potassium in liquid ammonia is of the same order of 
magnitude as that of such metals as strontium and iron. The 
solubility of sodium and potassium in liquid ammonia at its boiling 
point has been found to be 5.367 and 4.866 mols. of ammonia per 
atom of sodium and potassium respectively. The general result 
of the work is the furnishing of further evidence in support of the 
hypothesis that the conduction process in metals consists in a 
motion of negative carriers of sub-atomic dimensions, which carriers 
are identical for all metals. 

Potentials at the Junctions of Univalent Chloride Solutions. 
DUNCAN A. MACINNES and Yu LIANG YEn ( J .  Amer. Chem. soc.,  
1921, 43, 2563--2573).-Using a slightly modified form of Lamb 
and La<rson's flowing junction apparatus (A., 1920, ii, 347) the 
contact potentials of the type, MClIM'Cl, in which MI and M' 
are either hydrogen or an alkali metal (lithium, sodium, potassium, 
ca ium,  or ammonium) have been determined. The measurements 
were made a t  25" and were for solutioiis of equal concentrations. 

A. A. E. 

J. R. P. 

J. F. S. 
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Tables of results of all possible combinations are given for t)he 
concentrations @1,V and O - O l N ,  and the values compared wit f i  
those calculated by Lewis and Sargent's formula (A., 1909, ii, 369). 
Tn all cases reproducible values were obtained, within a few 
hundredths of a millivolt). The Lewis and Sargent form of Planek's 
original equation E,=IiT/F log, A , / R ~ '  expresses the results for 
most of the cases studied and gives a qualitative agreement in all 
cases. The experimentally determined potentials can, however, 
be obtained from the differences between numbers which arti 
characteristic for each ion a t  each concentration. This is equivalent 
to the expression given above, except that for the lithium and 
potassium ions, values of A which are slightly different from thost. 
obtained from conductivity measurements would have to be used. 

J. F. 8. 

A Quick Acting Hydrogen Electrode. P. J. MOLONEY ( J .  
Physical Chem., 1921, 25, 758--761).-A new form of hydrogen 
electrode is described. The electrode consists of a short length 
of platinum wire sealed into the end of a glass tube and projecting 
4 mm. from the end; the tube should have an internal diameter 
of about 4 mm. A loop of 1 mm. diameter glass rod is sealed to 
the end of the tube so that the platinum wire occupies the centre 
of the loop. A glass tube, of slightly greater diameter than the 
electrode tube, blown into the form of a bell a t  one end and having 
a bulb a little higher up which is pierced near the top by a small 
hole, fits over the electrode tube and is kept in position by a piece 
of rubber tube. The platinum wire is platinised in the usual way. 
The object of the electrode is to ensure a rapid equilibrium between 
the hydrogen in the platinum and the hydrogen ion in the solu- 
tion. To use the electrode it is drawn up the tube until the wire 
and glass loop are in the middle of the bulb in the jacket tube and 
the whole is immersed in the liquid to  be measured until the tube 
connecting the bell and bulb is filled, then the electrode is pushed 
down until the wire and loop are in the bell, hydrogen is admitted 
under the bell, and the whole adjusted so that the wire is sur- 
rounded by hydrogen whilst the lower end of the loop just dips 
into the main bulk of the liquid. In  this way only a small volumc 
of liquid, namely, that held in the loop, has to be saturated with 
hydrogen and be in equilibrium with the wire. Equilibrium values 
are rapidly reached with this electrode. 

Behaviour of a Non-attackable Electrode in the Process 
Loading to the Equilibrium 3 m O 2  f 2N8+HN03+H20. 
ALFONS KLEMENC (2. EZektrochenz., 1922, 28, 55, 5 6 ) ;  H. PICK 
(ibid., 56-57).-Polemical; cf. A., 1920, ii, 409; 1921, ii, 297. 

J. F. S. 

J. F. S. 
Overvoltage on Electrodes and its Connexion with the 

Hydration of Ions. N. ISGARISCHEV and SOPHIE BERKMANN 
(2. Elektrochem., 1922, 28, 40-47) .-The decomposition voltage 
of N -  and N/10-solutions of sulphuric acid and the sulphates of 
rubidium, aluminium, potassium, ammonium, sodium, lithium, 
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magnesium, zinc, copper, manganese, and nickel has been determined 
and the values have been compared with the degree of dissociation, 
the surface tension, the molecular hydration and the ionic hydration. 
It is shown that there is only one break in the anode current- 
voltage curve, and this is attributed to the discharge of the SO," ion. 
The results show that the surface tension is in no way related to 
the discharge potential of the anion ( E )  ; the degree of dissociation 
also stands in no direct relationship to the value of E ;  in some 
cases it is found that an increase in the value of the degree of 
dissociation is accompanied by an increase of E. It is concluded, 
therefore, that the discharge voltage is dependent on the velocity 
of the anode process, that is, a lower potential will be required for 
decomposition the greater the velocity of the anode process. To 
investigate the cause of the difference in the velocity of the anode 
process in different cases, the authors have compared the value 
of E with the hydration of the molecules and the ions. It is shown 
that there is no connexion between the value of E and the number 
of molecules of water combined with the molecules of the electro- 
lyte. The more hydrated the kations the smaller is the decom- 
position voltage found to be, and since the more hydrated the 
kation the less hydrated is the anion, it follows that the lower 
is the potential required to discharge it. The anode process is 
expressed by the scheme, (a)  S0,"+23=S04; ( b )  SO,=SO 0;  
( c )  %2S04(H20), 2Na(H20),,+S0,"(H20), ; (d )  S 0 , ' ( ( H 2 C f j ~ ~  
SO, +mH,O. The cause, therefore, of the retardation of the 
anode process is the insufficiently rapid formation of SO," ions 
from the hydrate. It is shown that there is a definite periodicity 
hetween the value of E and the atomic weight of the kation. 

J. I?. S. 
Influence of Colloids on Overvoltage. N. ISGA~~ISCHEV 

and SOPHIE BERKMANN (2. Eleklrochem., 1922, 28, 47--50).-Thc 
discharge potential of the hydrogen ion on copper, silver, and 
platinum cathodes has been measured in 2N-sulphuric acid con- 
taining various concentrations of gelatin (0-6%). It is shown 
that the nature of the cathode has no influence on the discharge 
potential. The value of this quantity a t  18" rises to a maximum 
with increase in the gelatin concentration and then commences to 
fall. There is a corresponding increase in the anode discharge 
voltage with increase in the gelatin concentration. The change 
is explained as due to the formation of a complex between the 
hydrogen ion and the gelatin which is slowly decomposed a t  the 
electrode (see preceding abstract). The maximum potential repre- 
sents the point where all the ions have combined with gelatin 
and a calculation based on an approximate value of the molecular 
weight of gelatin shows that a complex consisting of one hydrogen 
ion and 1173 molecules of gelatin is formed. 

Free Energy of Dilution and the Activities of the Ions of 
Potassium Bromide in Aqueous Solutions. J. N. PEARCE 
and HARRY B. HART ( J .  Amer. Chem. Soc., 1921,43,2483-2492).- 
Measurements of the E.M.P. of cells of the type AglAgBr,K.Br(c)l 

J. F. S. 
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KHg, have been made for various concentrations (c=2.0--0.001N) 
at 25", 30", and 35". The decrease of free energy and the decrease 
in heat content attending the reaction in these cells have been 
calculated. The free energy decrease accompanying the transfer of 
1 mol. of potassium bromide from various concentrations (c) to O-lOK 
have also been calculated. The E.M.P. of concentration cells with 
ion transference of the type Agl AgBr,KBr(c,)/ KBr ( c z )  >AgBr] Ag 
and of concentration cells without ion transference of the 
types Ag 1 AgBr,KBr(c,) I KHg,-Hg,KI KBr(c2) ,AgBrl Ag and 
KHg,l KBr (c  J,AgBr I Ag-Ag I Ag Br ,KBr ( c 2 )  I Hg,K have been deter - 
mined and from these values the transport number of the potass- 
ium ion has been calculated. The results show that dilution has 
very little influence on the transport number of potassium and 
there is only a very gradual increase with increasing dilution, whilst 
the effect of temperature is practically negligible between 25" and 
35". The decrease of free energy and heat content accompanying 
the transference of 1 mol. of potassium bromide from a concentra- 
tion c1 to  a concentration c2 have been calculated. The activity 
coefficients of the bromide ion have been calculated and a com- 
parison made of the activity coefficients of the chloride and bromide 
ions. For all concentrations up to 0 4 N ,  the activity coefficients 
of these two ions are practically equal, 

Electro-chemical Behaviour of Metallic Conducting Com- 
pounds. G. TAMMANN (2. Elelitrochem., 1922, 28, 36-40).- 
A discussion on the electromotive behaviour of compounds which 
exhibit a metallic conductivity. It is shown that of the five cobalt 
silicides, only those are attacked by acids which contain more 
than one atom of cobalt to one atom of silicon. In the case of thc 
lead palladium intermetallic compounds, it is found that they have 
the palladium potential, but if there is an excess of lead over that  
required for the formation of a compound in the lead palladium 
alloy the mixture shows the lead potential. A number of other 
cases are cited and discussed. 

Activity Coefficients and Colligative Properties of Electro- 
lytes. HERBERT S .  HARNED ( J .  Amer. Chem. Soc., 1922, 44, 
252--267).-A theoretical paper in which on the basis of the em- 
pirical equation log Pa'= dc-p'c"'' (A., 1920, ii, 664) which connects 
the activity co?fficient of an electrolyte with the molecular con- 
centration a t  a given temperature, and Duhem's equation, equa- 
tions are derived for calculating the vapour pressures of solutions 
at this temperature. The validity of the above equation has been 
rigorously tested, and it is found to hold for all electrolytes over 
the whole range where data were examined with the exception 
of sulphuric and hydrochloric acids. I n  these cases, i t  holds up 
to a concentration 3M.  The activity coefficients of solutions of 
hydrochloric acid, sodium chloride, and potassium chloride have 
b.een investigated and the values of the parameters of the above 
equation for these electrolytes and others have been collected and 
tabulated, from which tbe vapour pressures and osmotic pressures 
of their solutions may be calculated. It is suggested that the 

J. F. S. 

J. F. S. 
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equation and method employed here, although empirical and an 
approximation, will prove useful in testing the consistency and 
accuracy of activity data and also will be of service in organising 
the colligative data of concentrated solutions. 

Ghosh's Theory of Electrolytic Solutions. CHARLES A.  
KRAUS ( J .  Amer. Chem. Soc., 1921, 43, 2514--2528).-A theoretical 
paper in which the hypothesis of electrolytic solutions put forward 
by Ghosh (T., 1918,113, 449, 627, 777, 790) is discussed. Ghosh's 
equation expressing the conductivity of solutions of electrolytes 
as a function of the concentration is compared with the experi- 
mental values in aqueous and non-aqueous solutions. On plotting 
the values of log A against those of the cube root of the concentra- 
tion, the experimental points lie on a curve which is concave toward 
the axis of concentration. If Ghosh's equation were applicable, 
the points should lie on a straight line. The deviation of the 
points from a linear relation is consistent throughout, and cannot 
be accounted for by errors in the original observations: It is 
held that in its present form Ghosh's hypothesis does not satis- 
factorily account for the properties of solutions of electrolytes. 
The postulates and assumptions on which the hypothesis is based 
are discussed and several inconsistencies indicated. The use of 
Maxwell's law for the distribution of velocities and Clausius's virial 

J. P. S. 

theorem to systems of charged particles is open to serious objections: 
J. F. S. 

Distribution of Thermal Energy in the Qwadrivalent 
Chlorides of Carbon, Silicon, Titanium, and Tin. WENDELL 
M. LATIMER ( J .  Amer. Chem. Soc., 1922, 44, 90-97).-The specific 
heats of carbon, silicon, titanium, and tin tetrachlorides have been 
measured from the temperature of liquid air to 298" Abs., and, in 
addition, the specific heat of carbon tetrachloride was measured 
at still lower temperatures down to 39.1" Abs., in order to deter- 
mine the whole specific heat curve for these compounds. The 
following values of CpM/5  are recorded : Carbon tetrachloride, 
solid I, 39-1", 0.60; 40.7", 0.65; 63*8", 2-05; 79.6"' 2.81 ; 91.0", 
3-40; 99-5", 3-60; 199*5", 5.84; 208.0", 5-90; solid 11, 229.4", 
6.20 ; 235.6", 6-25 ; 238*0", 6.77 ; liquid, 253-8", 6-40 ; 265-1", 
6.30 ; and 290", 6.34. Silicon tetrachloride, solid, 77.4", 3.60 ; 
86*6", 3.83; 94*8", 4-14; 131-3", 4.80; 168*6", 5-68; 181*0", 5.95; 
liquid, 208*8", 6.74 ; 294-3", 6-94. Titanium tetrachloride, solid, 
86*7", 4-26; 92-8", 4-40 ; 194*6", 6.19 ; 231-8", 6.31 ; 247*7", 6.21 ; 
liquid, 251*6", 7-26 ; 294*3", 7.32. Tin tetrachloride, solid, 89*0", 
4-59 ; 95-9", 4.71 ; 161-2", 5-89 ; 200.7", 6-33 ; 227.3", 6-62 ; liquid, 
266*1°, 756 ; 294.0", 7-86, All temperatures are in absolute degrees. 
The heat of transition of solid I to solid I1 in the case of carbon 
tetrachloride at 224.6" Abs. is 7.10-7.19 cal./gram. The heat of 
fusion has been determined as follows : carbon tetrachloride, 
4 - 1 4 . 2 2  cal. /gram at 249" ; silicon tetrachloride, 10.85 cal. /gram 
a t  203.3" ; titanium tetrachloride, 11-77 cal. /gram at 248.0", and 
tin tetrachloride 8-38-8-42 cal. /gram qt 239.9". The entropy, 
S298, of each of the compounds a t  298" Abs. anti the entropy change 
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in the formation, A82983 of each compound from its elements 
have been calculated. The following values are recorded : carbon 
tetrachloride, X298, 49.06, AX298, -50.84 ; silicon tetrachloridch, 
8298,  56-43, AX29s, -48.27 ; titanium tetrachloride, BZg8, 59.51, 

-47-09 ; tin tetrachloride, X298, 61.84, -49.66. 
J. F. S. 

Relation between Statistical Mechanics and Thermo- 
dynamics. RICHARD C. TOLMAN ( J .  Amer. Chem. Xoc., 1922, 
44, 75-90) .-A theoretical paper in which the relationship between 
statistical mechanics and thermodynamics is investigated by a 
method which is based, like that of Boltzmann and Planck, on a 
consideration of the arrangement of the elements or molecules of 
a system. Instead, however, of arbitrarily defining entropy by the 
equation X=k log W as do Planck and Boltzmann, an attempt is 
made to  discover a statistical mechanical quantity which has the 
same derivatives with respect to  energy, volume, and number of 
molecules as does the thermodynamic quantity entropy. I n  this 
way, an expression for entropy is developed which differs from 
that of Planck by an additive term; it is further shown that tho 
addition of such a term is necessary in order that the derivative 
of the entropy of the system with respect to number of molecules 
shall have its correct value. The equation thus developed has the 
form S=(NE-N+)/(I' ,  in which N is the number of molecules, 
E has a significance defined below, and T is the temperature. 111 
cmnexion with the derivation of the above expression, it is shown 
that the quantity E occurring in the Maxwell-Boltzmann dis- 
tribution law dN=Ce-+T dq, . . . dp7& must be taken, not as the 
energy of a molecule having co-ordinates and momenta falling in 
the region dq, . . . dp,, but rather as the rate of increase in the 
total energy of the system per molecule added in the region 
dq,  . . . dpn, when the system is in its configuration of maximum 
probability. These two quantities are the same for dilute gases, 
but for concentrated systems may be quite different. Hence the 
new methods introduced may be of considerable importance in 
dealing with the properties of imperfect gas or rather concentrated 
systems. It is pointed out that the equations developed whicb 
connect the statistical mechanical quantities with thermodynamic 
quantities do not agree with the equations of Marcelin and Adams 
(A., 1915, ii, 328; 1921, ii, 628). J. F. S. 

Integration 
of the Entropy Equation. GEORGE A. LINHART ( J .  Amer. Chem. 
SOC., 1922, 44, 140-142).-Two equations are deduced which 
express the change of specific heat of an element or compound 
with the entropy. The equations are based on the assumptions 
that the change depends on the probability of the '' randomness " 
of the individual particles, the certainty that particles will have a 
fixed position a t  the point of zero kinetic energy, and the zero 
probability that this condition persists a t  high temperatures. The 
equations deduced are tested by means of recently published work 
on the specific heat of copper when a good agreement between the 

Relation between Entropy and Probability. 
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observed and calculated values of the specific heat over the range 
14.61-390.0" Abs. is found. 

Latent Heats of Fusion. I. Benzophenone, Phenol, and 
Sulphur. (JIM.) K. STRATTON and J. R. PARTINGTON (Phil. 
Mag., 1922, [vi], 43, 436446).-The following values of the 
latent heats of fusion, in gram-calories per gram, were measured 
at the melting points by electrical heating : benzophenone, 21-70; 
phenol, 29.06 ; sulphur (monoclinic), 8.85. In  a theoretical dis- 
cussion, it is suggested that intramolecular vibrations as well as 
rotations are indicated in the case of some liquid molecules. 

J. F. S. 

J .  R. P. 
The Freezing Points of Pure Organic Liquids as Thermo- 

metric Constants at Temperatures below 0". JEAN TIMMER- 
MANS, (MLLE) H. VAN DER HORST, and H. KAMERLINGH ONNES 
( C m p t .  rend., 1922, 174, 366--367).-The following organic liquids 
have been carefully purified and their boiling points, densities, and 
freezing points accurately determined, so that these constants may 
be used as references by working with specimens kept in sealed 
tubes. All boiling points are given a t  760 mm. pressure, and f .  p. 
is the freezing point obtained under conditions where the thermo- 
dynamic equilibrium between the liquid and crystalline phases 
can be maintained for a long time to within 0.01". 

Carbon tetrachloride, b. p. 76-75"; di  1,63255; f .  p. -22.9"; 
chlorobenzene, b. p. 132.00"; di  1.12795 ; f .  p. -45.2"; chloro- 
form, b. p. 61.2"; dj 1.52635; f. p. -63.5"; ethyl acetate, b. p. 
77.15"; d! 0.92450; f .  p. -83.6"; toluene, b. p. 110.70"; d': 
0.88445; f .  p. -95.1"; carbon disulphide, b. p. 46.25"; di  1.29270; 
f .  p. -111.6"; ethyl ether (stable form), b. p. 34-60"; dj0.73625; 
f .  p. - 116.3" ; (unstable form), f .  p. - 123.3" ; methylcyclohexane, 
b. p. 100.3"; d: 0.78640; f .  p. -126.4"; isopentane, b. p. 27.95"; 
dj0.63950; f .  p. -159.6". W. G. 

Hydration of Ions. S. ASCHKENASI (2. EZektrochem., 1922, 
28, 58-59) .--A theoretical paper in which Faj ans's treatment of 
the hydration of ions (Naturwiss., 1921, 729) is discussed and a 
possible connexion with the known irregularities in the vapour 
pressure curves of aqueous solutions of electrolytes suggested. 

J. F. S. 
A Receiver for Fractionation in a Current of Gas or under 

Reduced Pressure. T. S. WHEELER and E. W. BLAIR ( J .  SOC. 
Chem. Ind., 1922, 41, 59-60~).-The device consists essentially 
of an upper and a lower receiver connected together through a 
two-way tap which makes the connexion alternatively with the 
top or bottom of the upper receiver. In  the former case, the 
vacuum is maintained in, or the gas is passed through, the upper 
and lower receivers, whilst the distillate collects in the upper re- 
ceiver. When it is desired to collect a new fraction, the two-way 
tap is turned into the second position and the fraction which has 
collected in the upper receiver passes into the lower one, which is 
then detached, another put in its place, and evacuated (if neces- 
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sary), and the distillation continued with the two-way tap in the 
first position as before. If it is desired to keep the distillate out 
of contact with air, the lower receiver is provided with inlet and 
outlet taps, which are turned off before detaching it from the 
apparatus, and t.he liquid thus remains enclosed in the inert atmo- 
sphere in which it was distilled. 

Comparison of the Linking of Carbon Atoms in Graphite 
and in Aromatic Hydrocarbons. J. P. WIBAUT (Rec. truv. chim., 
1922,41,96-102).-A theoretical paper based on the work of Fajans 
(A., 1920, ii, 354), and criticising the theory put forward by von 
Steiger (A., 1920, ii, 355) that the linking of the carbon atonis in 
aromatic hydrocarbons is, from the point of view of energy, equiva- 
lent to the linking in graphite. H. J. E. 

I. and 11. 
HANS BEUTLER (2. anorg. Chem., 1921, 120, 24--30, 31-47).- 
I. Assumptions that periodic oscillations of melting points and boil- 
ing points in homologous series are due to heteropolar linking of the 
carbon atoms in the chain (cf. Cuy, A., 1921, ii, 429), are shown 
to be untenable, on account of the non-dissociation of the carbon 
compounds. The heats of combustion also vary in an oscillatory 
manner in homologous series, and this may be explained by con- 
sidering the lattice-energy of the crystal structure. Compounds 
with an even number of carbon atoms probably have a more highly 
symmetrical lattice than those with an odd number, and as a result 
they have higher melting points and lower heats of combustion. 
Even in liquids, a kind of potential lattice structure probably 
exists, and influences the periodically varying physical properties. 
As the critical temperature is approached, the influence of the 
lattice is weakened by the strong thermal forces and the differences 
between odd and even members of the series disappear. 

The electron structure of stable ions such as the C1' or SO," ion 
is discussed, and it is shown that ion formation is due to the splitting 
of a compound into parts each of which has an electron structure 
similar to that of a noble gas, with an outer shell of eight electrons. 
(This is identical with the Lewis-Langmuir theory, to which, how- 
ever, no reference is made.) The structure of a non-dissociating 
substance of the type of Pt(NH,),Cl, is probably such that the 
co-ordinated groups are attached tetrahedrally to the central 
atom; in the electron system, the central atom is surrounded by 
eight electrons forming the corners of a cube, four edges of which 
are common each to one edge of the electron cubes of one of the 
co-ordinated groups. The possibility of two isomerides is a t  once 
apparent in this arrangement. 

11. In  the preceding section it was shown t,hat isomerism is 
possible in the compound of the formula Pt(NH,),Cl,; this is due 
to the fact that free rotation about the central Pt atom is inhibited 
probably by directing forces from the inner layers of electrons in 
the Pt atom. I n  carbon compounds CR,R,R,R? free rotation is 
possible, since only two electrons are contained within the shell of 
eight electrons and restraining forces are absent. The electron 

G. 3'. M. 

Atomic Linkings in the Carbon Compounds. 
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structures of methane, its halogen substitution products, ethylene, 
acetylene, and aromatic hydrocarbons are discussed. The methane 
molecule is represented by a central carbon nucleus surrounded by 
four electrons and four hydrogen nuclei arranged tetrahedrally at the 
eight corners of a cnhe with the other four electrons between the 

carbon and hydrogen nuclei. I n  CH,Cl 
there are fourteen electrons, two of which . -0 . .  . are common to the eight surrounding the 

0 0 0 carbon atom and the eight surrounding 
H : ( 1  ( ’1 : the chlorine atom. Diagrammatically the 

0 0 0 electron structure can be represented thus, 
o .  . where the electrons of the outer shell are 

11 represented by small circles. In  ethylene 
it is supposed that the eight electrons 

which are not situated directly between the hydrogen and carbon 
nuclei, revolve in an elliptical path of which the major axis is 
parallel to the C-C axis. The observed paramagnetism attributed 
to the double bond confirms this view. The electron structural 
formula for benzene shows three electrons between each pair of 
adjacent carbon atoms. In  naphthalene, three electrons are shown 
between each pair of adjacent carbon atoms except between the 
carbons common to both rings, where there are only two. Reduc- 
tion to 1 : 4-dihydronaphthaleneY however, converts one ring into 
a true benzene ring, and a true ethylenic bond appears between 
t,he carbon atoms 2 and 3 in the other ring. 

A Method €or Measuring Vapour Densities €or the Deter- 
mination of Atomic Weights. A. MAGNUS and E. Scmm) 
(2. a72org. Chem., 1921, 120, 232-240).-An apparatus is described 
for the measurement of vapour densities, the distinguishing feature 
of which is the total enclosure of the manometer and measuring 
vessel in a double-walled chamber which can be kept constant at 
the temperature of boiling water. The apparatus was used for 
determining the relation between the pressure p and pv/mT, where 
v is the volume, m the weight of the vapour, and T the absolute 
temperature for benzene and chloroform. Contrary to the results 
of Ramsay and Steele, the relation was found to be truly linear. 
The molecular weights calculated from the results are 78.096 for 
benzene and 119.380 for chloroform, whilst the atomic weight of 
chlorine calculated from these is 35.455, showing that the apparatus 
gives results of a high degree of accuracy. 

Regularities in the Molecular Volumes of Inorganic Com- 
pounds. FR. A. HENQLEIN (2. anorg. Chem., 1921, 120, 77- 
S4).-1t was recently shown by Biltz (A., 1921, ii, 437) that there is 
a linear relationship between the molecular volumes of the halogens 
and of their compounds. This is now shown to be a particular 
case of a more general law that the molecular volumes of certain 
groups of inorganic compounds of like crystalline form bear a 
linear relation to constant magnitudes characteristic of their kations 
or anions. For the halogens, these magnitudes x may be expressed 
by the constants F‘ : 0.8525, C1’ : 1.000, Br’ : 1.066, I’ : 1.179, and 

I T  

. .  
r) , . () . 

E. H. R. 

E. H. R. 
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the magnitudes y for tlie alkali metals, Li' : 1.000, Na' : 1.428, 
I<' ; 2.108, Rb' : 2.478. The molecular volumes of the haloids of 
the allcali metals can be calculated from the general equation 
mol. vol. = 14.67~ . y+0.73~+56.6Sy-51.60. CEsium is abnormal 
in this series, its constant being smaller than that of rubidium 
although in other series, for example in the sulphates, selenates, 
manganates, and chlorates, it is normal. The cubic haloids of 
copper, silver, and thallium form a good series in which the 
following constants appear, Cu' : 1.00, Ag' : 0.920, T1' : 1.40. Hexa- 
gonal silver iodide does not fit in with the other cubic substances. 
The same law is shown t o  hold lor numerous other isomorphous 
series containing metals of the second and fourth groups. The 
following density determinations were made : lithium fluoride, 
d20'4 2.597 ; sodium fluoride, d?"" 2.726 ; potassium fluoride, d'* ' 
2.369. E. H. R. 

The Variation of the Mechanical Properties of Metals and 
Alloys at Low Temperatures. LBON GUILLET and JEAN 
COURNOT (Compt. rend., 1922, 174, 384-386).-The hardness and 
resilience of a number of metals and alloys have been measured 
a t  Z O O ,  -Zoo, -80", and -190". The results show that there is, 
in general, an increase in the hardness with cooling, there being a 
fairly big jump from the value at -80" to that a t  -190". Fragility 
a t  low temperatures is a characteristic of ferrite, the rapidity of the 
fall in resilience as a function of the temperature being greater as 
the ferrite content is higher. * Nickel and copper, on the other 
hand, do not icad to fragility and aluminium, if present to any great 
extent, tends to produce a slight increase in the resilience. Pure 
austenitc snfficienily iich in nickel does not show fragility a t  low 
temperatures. Special perlitic steels containing nickel have a high 
fragility in liquid air, but the addition of nickel retards the lowering 
of the fragility with decrease in temperature. 

Measurements of hardness and resilience after a specimen has 
been kept for sixteen hours a t  -190" and then for twenty-four 
hours a t  +SO" give evidence of a return to normal properties a t  the 
ordinary temperature. W. G.  

Surface Tension of Corresponding States. RICHARD LORENZ 
and W. HERZ (2. cnorg. Chem., 1922, 120, 320-328).-The ex- 
ijression ya /ye=(  1 - T,/Tk)/( 1 - Te/Tk) . ( Ve/Vk)2n is deduced. Tj /T ' k  
and T,/Tk have been shown by Lorenz (A., 1916, ii, 311) to 
be practically constant. According to the best average values, 
T,/Tk=0*64, Te/Tt=0*44, (Ye/ V,)=0.855, and therefore ys/ys= 
0.578. This was tested on results obtained by Jaeger (A., 1917, 
ii, 33) and figures are given for 89 organic compounds. The 
average value for ?/3/Ye was found to be 0.52, 75% of compounds 
agreeing very closely. Twenty-one inorganic compounds of known 
boiling points gave an average for ys/ye=0-58.  Assuming ys/ye= 
0.578, the authors have calculated the boiling points of several 
salts. The higher the critical temperature the further does ys/ye 
deviate from the mean. 

t 

W. T. 
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Surface Tension of Aqueous Solutions of Night-blue. R. DE 
IZAGUIRRE (Anal. 2%. Quim., 1922, 20, 40-55; cf. Traube, A., 
1912, ii, 740, 74Z).-The surface tension of aqueous solutions of 
night- blue of varying concentrations and with the addition of 
different electrolytes was investigated by means of the stalagmo- 
meter. The increase of surface tension with concentration is fairly 
rapid at first, but then slows down. I n  the experiments with 
addition of electrolytes, i t  T V ~  found that an abrupt fall in surface 
tension to that for pure water took place a t  the point where coagul- 
ation of the solution occurred. The coagulating power of various 
ions can thus be studied by means of the stalagmometer. Other 
physical properties, including the aspect under the ultramicroscope, 
do not show this abrupt change a t  the point of coagulation. Solu- 
tions purified by dialysis give results analogous to those obtained 
with unpurified material, but the stability of the solutions obtained 
is less, since smaller concentrations of salts are necessary for 
coagulation. G. W. R. 

Theory of Adsorption Processes. A. EUCKEN (Z. Elebro- 
chem., 1922, 28, 6-16).-A4 theoretical paper in which the process 
of physical absorption is considered. By physical adsorption is 
understood that adsorption, for example, of argon by charcoal, where 
it, is unlikely that the adsorbed molecules are held by the attrac- 
tJions of chemical forces. It is shown that the adsorption forces 
are similar to the forces which are responsible for condensation 
phenomena. They are practically independent of the temperaturc 
and are operative over a relatively small distance which is of the 
same order as the molecular radius. J. F. S. 

Adsorption of Ammonia by Silica Gel. L. Y. DAVIDHEISER 
and W. A. PATRICK (J. Amer. Chem. Xoc., 1922, 44, 1-8).-A 
continuation of previous work (A,, 1920, ii, 417). The adsorption 
of ammonia by silica gels containing respectively 4.98% and 0.33y0 
of water has been determined for a series of pressures a t  O", 30", 
40°, and 100". A smaller amount of ammonia is adsorbed by the 
less hydrated gel than by thc more hydrated compound, although 
the less hydrated gel is still capable of adsorbing large amounts 
of ammonia. It is shown that the adsorption of ammonia may bc 
satisfactorily explained on the basis of capillary condensation, 
provided corrections are made for the amount of gas which dissolves 
in the water. 

Adsorption by Precipitates. V. Adsorption during the 
Precipitation of Colloids by Mixtures of Electrolytes. HARRY 
B. WEISER ( J .  Physical Chem., 1921, 25, 665-683; cf. A., 1919, 
ii, 269 ; 1920, ii, 228 ; 1921, ii, 625).-The precipitation of colloidal 
ferric hydroxide and colloidal arsenious sulphide by the simul- 
taneous addition of pairs of electrolytes, and the adsorption of 
ions during the precipitation of the colloids by mixtures of electro- 
lytes, have been investigated. The precipitation experiments were 
carried out with pairs of the electrolytes, potassium chloride, 

J. I?. 8. 
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barium chloride, strontium chloride, potassium oxalate, potassium 
sulphate, and potassium bromate. The adsorption of the oxalate 
ion in the presence of the chloride and sulphate ion respectively 
and the barium ion in the presence of tlhe potassium ion was investi- 
gated. It is shown that the precipitating action of mixtures of 
pairs of electrolytes is approximately additive if the precipitating 
power of each is of the same order of magnitude, but may be far 
from additive if the electrolytes have widely varying precipitating 
power. In  the latter case, the action of the electrolytes is antagon- 
istic in the sense that relatively more of each is necessary than 
if the other were absent. In  the simultaneous adsorption by solids 
from mixtures of two electrolytes having no common ion, the most 
strongly adsorbed kation and anion are taken up most and the 
other pair least readily; from mixtures having one common ion the 
oppositely charged ions are each adsorbed less than if the other 
were absent, but the most readily adsorbed ion is displaced the 
least. Factors which influence the precipitating action of mixtures 
of electrolytes are the effect of the presence of each precipitating 
ion on the adsorption of the other and the stabilising action of 
the ions with the same charge as the colloid. The second factor 
is of minor importance with mixtures of electrolytes that have 
similar precipitation values and have stabilising ions in common. 
The precipitating action of mixtures of electrolytes with similar 
precipitating power is additive, since the adsorption of the pre- 
cipitating ions is similar and consequently the adsorption of each 
is affected but slightly by the presence of the ot'her within the 
limits of the precipitation concentration, With mixtures of electro- 
lytes of widely varying precipitating power, the precipitating action 
rnay be approximately additive when the influence of both factors, 
mentioned above, is small, but may be far from additive when the 
influence of both factors is large. These extreme cases are realised 
experimentally. J. F. S. 

Use of the Water Interferometer as a Pressure Gauge. 
L. VAN DOREN, H. K. PARKER, and P. LOTZ ( J .  Amer. Chem. SOC., 
1921, 43, 2497--2501).-The Zeiss water interferometer can be 
modified so as to  serve as a pressure gauge. The modification 
consists in replacing the two water cells by two brass cells fitted 
wifh stout plate glass windows a t  the ends. One cell is filled with 
water a t  atmospheric pressure and the other with water under 
pressure. On calibrating the instrument, it was found that pressures 
up to sixty atmospheres could be measured. The range of the 
instrument may be increased by inserting a thin glass plate in the 
path of the beam passing through the non-pressure chamber of 
such a thickness that it will compensate for a pressure of sixty 
atmospheres in the other chamber. Thus by means of a series 
of glass plates of different thickness the range of the instrument 
can be extended to almost any pressure. In  the calibration of the 
instrument for pressures up to 270 atmospheres a t  20" and 30" it 
is found that a t  the higher temperataure the effect of increased 
pressure on the refractive index diminishes. J. F. S. 
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Osmotic Pressures of Concentrated Solutions of Sucrose 
as Determined by the Water Interferometer. PAUL LOTZ 
and J. C. W. FRAZER ( J .  Amer. C'hem. Soc., 1921,43, 2501-2507). 
-The authors describe a modification of the method used by 
Frazer and Myrick for measuring the osmotic pressure (A., 1916, 
ii, 603). The principal feature of the new apparatus is the use 
of the water interferometer (preceding abstract) for determin- 
ing the magnitude of the pressures developed. The apparatus 
is a decided improvement on that of Frazer and Myrick, being 
more rapid in action and more trustworthy. Pressures up to 
273 atmospheres have been measured, but the instrument has 
been calibrated up to 330 atmospheres. Pressure measurements 
are recorded for sucrose solutions of concentrations up to saturated 
solutions a t  30" and 55.7". Attention is directed to the results 
of Woods as calculated for vapour-pressure measurements, and it 
is shown that his results (Trans. Paraday Xoc., 1915, 11, 29) show- 
ing a decrease in osmotic pressure with rise in temperature in 
concentrated solutions are relatively correct, although his actual 
values for the osmotic pressure appear to be high when compared 
with these direct measurements. 

System : Ammonia-Water as a Basis for a Theory of the 
Solution of Gases in Liquids. BENJAMIN S. NEUHAUSEN and 
W. A. PATRICK ( J .  Physical Chem., 1921, 25, 693-720).-A static 
method has been developed for measuring the partial pressure of 
a component of a liquid mixture which has a very small partial 
pressure compared with that of the second component. This 
method has been used to determine the partial pressures of water 
and ammonia solutions a t  0", Z O O ,  and 40" a t  partial pressures of 
ammonia varying from 1000 mm. to  4000 mm. The measurements 
in the case of ammonia are made to 2-4 mm., and in the case of 
water to 0.08 mm. The solubility of ammonia in water was deter- 
mined at 0", Z O O ,  and 40" a t  pressures from 750 mm. to 3600 mm., 
and the densities of the saturated solutions were also measured. 
A theory of the nature of solutions of gases in liquids first advanced 
by Graham has been amplified, and solutions of various gases in 
liquids classified on the basis of some of the physical and chemical 
properties of the gas. The formula V=K(Pu/P,)"" has been 
found to represent the solubility of ammonia, hydrogen chloride, 
sulphur dioxide, and carbon dioxide in water a t  various tempera- 
tures and pressures. In  this formula V is the volume occupied by 
the liquefied gas dissolved per gram of water, Po is the vapour 
pressure, and (+ the surface tension of the liquefied gas a t  the tern- 
perature, whilst P is the equilibrium gas pressure. The constant 
K for ammonia has value 0.49 and l / n  the value 0.69. The 
solubility data of hydrogen chloride, sulphur dioxide, and carbon 
dioxide have been plotted according to this formula. 

Change of State of Aggregation and Polymorphism. KARL 
SCHAUM (2. anorg. Chem., 1921, 120, 241--260).-The assumption 
of Ostwald that there is SL relatively broad region of metastability, 
below the normal melting point, in which spontaneous crystallisation 

J. F. S. 

J. P. 8. 
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is impossible, appears unnecessary. On the other hand, it is 
highly improbable that, in a small quantity of liquid in a limited 
time, the necessary number of molecules in the correct space-lattice 
orientation to form a nucleus in equilibrium with the liquid at a 
given temperature will ever come together. It is reasonable to 
assume with Ostwald the existence of “ anisotropic ” molecules, 
but these cannot alone have a “ resonance ’’ effect on other “ iso- 
tropic ” molecules and so cause crystallisation. The ageing of a 
liquid by keeping it some time above its melting point, whereby 
the tendency to supercooling is increased, is doubtless due to the 
change of anisotropic molecules into the isotropic form. Aniso- 
tropic molecules probably become associated with one another to 
form space-lattice fragments, and when a crowd of these come 
together they may cause a field of force strong enough to bring 
about the formation of a crystal nucleus. As the temperature 
falls, this process is facilitated through the slowing down of trans- 
latory and rotatory motion, but, on the other hand, the probability 
of the crowding together of anisotropic molecules and space-lattice 
fragments is lessened. 

[With ELLI RIFFERT.]-T~~ crystallisation process is investi- 
gated statistically by counting the number of nuclei formed when a 
thin film of liquid is allowed to crystallise between microscope slide 
and cover-glass under different conditions. A large number of 
organic substances were used for the purpose. There is a strong 
tendency for the nuclei to form in the outer zone of the cover- 
glass, particularly a t  the edge, and sometimes they will form again 
and again a t  a particular spot. The tendency to nuclei formation 
a t  boundary surfaces, especially a triple boundary such as air- 
glass-liquid, is probably a surface tension phenomenon. The 
number of nuclei formed increases as the temperature is lowered, 
finally reaching a maximum. I n  these experiments, the melted 
substance was brought suddenly down to the temperature at which 
the nuclei were to be formed. Pressure may cause the develop- 
ment of nuclei. The substances examined (about 200) fall into 
five different types, according to  the manner in which they crystal- 
lise ; the states of aggregation assumed by crystallisation from 
nnclei are described as radiating, bunching, star-like, tabular, and 
mosaic. E. H. R. 

The K, Doublet, with New Determinations of the Lattice 
Constants of some Crystals. WALTHER GERLACH (Physikul. 
Z . ,  1922, 23, 114--120).-When a somewhat coarse powder is 
used in the Debye-Scherrer method, the K ,  lines appear double. 
A method for the measurement of the fine structure of R’ontgen 
lines is described. The lattice constants, in 10-8 em., of the follow- 
ing crystals were determined : silicon (identical, within the limit:: 
of error, with “ amorphous,” graphitoidal, and crystalline silicon) : 
5.415 (&0*3y,) with copper radiation : 5,410 ( &0.3y0) with nickel 
radiation ; regular zinc blende 5.390 ( * 0 . 3 ~ 0 )  with copper radiation ; 
calcium fluoride 5.455 (rt0.1 yo) with copper radiation ; 5.478 
(-_t0*2O/,) with nickel radiation. The doublet distance Kna--a, 
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was determined with an accuracy of about 3% as 3-842 X.U. 
(1 " X-Unit "=10-11 cm.) for copper, and 3.772 X.U. for nickel. 
Bragg's model for fluorite was confirmed. J. R. P. 

Freezing of Hydrosols. A. LOTTERMOSER (KoEZoid Z., 1922, 
30, 133).-A complaint that Gutbier (this vol., ii, 142) has used 
the author's statements in connexion with the influence of freezing 
on sols in a manner opposite to that which the author ha.s intended. 
This has arisen because the author's statements have not been 
understood in the sense demanded by the context. J. P. S. 

Influence of the Concentration of Colloids on their Pre- 
cipitation by Electrolytes. HARRY B. WEISER and HENRY 0. 
NICHOLAS (J. Physical Chem., 1921, 25, 742-757).-The precipit- 
ation of colloidal chromic oxide, Prussian blue, ferric oxide, and 
arsenious sulphide of various concentrations by electrolytes with 
precipitating ions of different valency has been investigated. With 
colloidal chromic oxide, Prussian blue, and ferric oxide, the pre- 
cipitating values of all electrolytes decrease as the concentration 
of the colloid decreases, irrespective of the valency of the pre- 
cipitating ion; but the decrease is least marked with electrolytes 
having univalent precipitating ions. With colloidal arsenious 
sulphide, the precipitating value of electrolytes with univalent 
precipitating ions increases as the concentration of the colloid is 
decreased. The manner in which the precipitation value of an 
electrolyte varies with the concentration of colloid is determined 
to a large extent by the relative adsorbability of the precipitating 
ion and the stabilising ion. If the adsorption of the stabilising 
ion of an electrolyte is negligible and the adsorption of the pre- 
cipitating ion is very large, the precipitation value vanes almost 
directly with the concentration of the colloid. This condition 
may be realised experimentally with electrolytes which have 
tervalent and quadrivalent ions which precipitate in extremely 
low concentration. If the adsorption of the stabilising ion of an 
electrolyte is appreciable, the precipitating value is increased. 
This effect is more pronounced the greater the dilution of the 
colloid, since the decreased opportunity both for the collision and 
the coalescence of particles combines to render t,he colloid propor- 
tionately more stable so that relatively more of the precipitating 
ion must be added for complete coagulation. The influence of 
adsorption of the stabilising ion is more marked with electrolytes 
having univalent precipitating ions which precipitate only in very 
high concentration. Under these conditions, the precipitation 
value decreases much less sharply than under the conditions obtain- 
ing when the stabilising ion is only slightly adsorbed, and may even 
increase as the concentration of the colloid is decreased. The 
laws put forward by Burton and Bishop (A., 1921, ii, 176) in con- 
nexion with the variation in the coagulative power of ions with 
the concentration of the disperse phase are shown to be quite 
limited in their applicability. The hypothesis of Kruyt and van 
der Spek (A., 1919, ii, 498) on the nature of the process of coaglzl- 
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ation is inadequate, since it fails to take into account the influence 
of the stabilising ions of electrolytes. 

Relation of Anomalous Osmosis to the Swelling of Colloidal 
Material. F. E. BARTELL and L. B. SIMS ( J .  Amer. Chem. XOC., 
1922, 44, 289-299).-The authors discuss some seven hypotheses 
put forward .previously to account for the swelling of colloids, and 
find none of them is applicable to all cases of swelling. The 
relationship of the swelling of gels to the osmotic effects is con- 
sidered, and as a working hypothesis it is assumed that a gel may 
be considered as composed essentially of a framework of membranes 
and that the hypothesis which accounts for the flow of a liquid 
through membranes also accounts to a certain extent for the f l o ~  
of n solution into a cellular gel. The view is held that swelling 
is the result of imbibition together with the operation of effects 
which produce anomalous osmosis. It would therefore follow tlhat 
in swelling the tendency for normal osmosis is always operative, 
solution in the membrane may take place in some instances, forces 
of attraction and repulsion are operative, capillarity plays a part, 
negative or positive adsorption of solute may have an effect, 
electrical effects due to electrical orientation of the system may 
enter in, and swelling unaccompanied by electrical effects may 
occur, as with solutions of non-electrolytes with some gels. For 
the purpose of comparing anomalous osmotic effects with swelling 
effects, a series of osmotic pressures using parchment membranes 
and a series of swelling experiments using Laminaria have been 
carried out with solutions of potassium citrate (0*05111), sodium 
hydroxide (O*OOOlAT), hydrochloric acid (0*0001N), and aluminium 
chloride (0.05M). The results show that those solutions which 
exhibit IL negative osmotic tendency with parchment produce a 
swelling effect with Laminaria, and those which have a positive 
osmotic tendency produce a shrinking of the Laminaria. A further 
series of experiments with solutions of various electrolytes of 
several concentrations confirms the foregoing results. In  all cases, 
the osmosis-concentration curves have the exactly opposite form 
to those of the concentration-swelling curves. J. F. S. 

Lecture Experiment. Protective Colloids. J. NEWTON 
FRIEND (ATalzcre, 1922, 109, 341).-It appears to be a general law 
that protective colloids or organic emulsoids tend to retard the 
velocities of such reactions, whether chemical or physical, as 
involve a change of state in one or more of the components. 
Examples of such retardation, the rate of which conforms in many 
cases to the requirements of the adsorption law, are to be found 
in the solution of metals in acids, corrosion in neutral media, 
solution and precipitation of salts, and replacement of one metal 
by another. An illustration is afforded by the precipitation of 
mercuric iodide from solutions of mercuric chloride and potassium 
iodide, the unstable yellow form first precipitated ordinarily turning 
rapidly into the more stable red variety. In  the presence, however, 
of 1 yo of gelatin, after a momentary formation of colloidal mercuric 
iodide, a fine, canary-yellow precipitate is produced, and remains 

J. F. S. 
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practically unchanged for half an hour or niorc. The slow change 
to  the red variety is markedly accelerated by sunlight. A. A. E. 
Pure Aniline and Water Emulsions. SHANTI SWARUPA 

BHATNAGAR ( J .  Physical Chem., 1921, 25, 735-741).-The rate 
of coagulation of aniline-water emulsions by potassium chloride, 
sodium chloride and sulphate, barium, strontium, chromium, and 
aluminium sulphates has been investigated a t  46". The results 
show that  in general the precipitating power of electrolytes is 
the same as in the case of many sols, tervalent ions being more 
effective than bivalent ions and these more so than univalent ions. 
The order of the precipitating efficiency of the kations is given 
as Al>Cr>Ba>Sr>K>Na. The effect of dilution on tho 
emulsions is t o  increase the time required for precipitation; thus 
an emulsion which is normally precipitated in ten minutes by 
barium chloride requires eighteen minutes seven seconds when 
diluted by an equal volume of water saturated with aniline, and 
when again diluted by the same volume of saturated water 
forty minutes. J. F. S. 

R. T. A. MEES 
(Chem.' WeekbZaad, 1922, 19, 82--85).-The conception of Martin 
Vischer of a soap solution as a two-phase system is inadequate, 
since i t  does not exclude other gels, for example, gelatin solutions. 
Similarly, the orientation theory of Langmuir and Harkins does 
not exclude other substances possessing polarity within the mole- 
cule. The unique power of soap solutions to stabilise emulsions 
can be explained by combining the tJwo theories, since only soaps 
have the necessary polar character within the molecule without 
at the same time having molecules soluble as such in oil and water. 
A soap such as sodium palmitate has the reactive sodium ion, 
which tends to  confer solubility in water, opposed within the 
molecule to  the inert, saturated carbon-hydrogen chain, which 
t>ends to  confer solubility in oily substances. When such n soap 
is intimately admixed with an oily substance and water, it forms 
a bounding layer between the particles of each, its molecules being 
orientated with the  sodium ion towards the water, the carbon-- 
hydrogen chain towards the oil, acting as a layer possessing polar 
solubilities ; in such a system, surface tension disappears. 

Earthy impurities, such as clays, resemble soaps in stabilisirlg 
water-oil emulsions, being lyophil towards both ; in presence of 
soap solution, they are adsorbed by the latter in the bounding 
surfaces between the particles of oily matter and ~ a t e r .  

The detergent power of soaps is therefore primarily a chemical 
property due to the polarity of molecules insoluble as such in oil 

HARRY N. 
HOLMES and DON I€. CAMERON ( J .  Amer. C'hem. SOC., 1922, 4-4, 
(;Ct-'70).--The use of celhdose nitrate as an emulsifying agent has 
been studied. It is shown that  this substance serves as an excel- 
lent emulsifying agent in dispersing water or glycerol throughout 

The Detergent Power of Soap Solutions. 

and water. s. I. 1,. 

Cellulose Nitrate as an Emulsifying Agent. 
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amyl acetate, acetone, or other solvents for the nitrate. Visible 
concentration films of cellulose nitrate were observed round large 
drops of water emulsified in amyl acetate-benzene mixtures. An 
increase in concentration of cellulose nitrate at the acetone- 
glycerol interface was observed and studied quantitatively. The 
properties of an ideal emulsifying film are discussed. 

Chromatic Emulsions. HARRY N. HOLMES and DON H. 
CAMERON ( J .  Amer. Chem. Xoc., 1922, 44, 71-74).-Two immis- 
cible liquids can be emulsified with suitable emulsifying agents, 
such as cellulose nitrate, to produce a transparent emulsion when 
the refractive index of the two phases is the same, and when the 
dispersive pon.cr (np-nc) of the two phases is the same. A 
chromatic (structural colour) emulsion is produced when the 
refractive index of both phases is the same and the dispersive 
power of one phase is much greater than that of the other phase. 
The greater the difference the more intense the resulting colour. 

J. F. S. 

J. F. S. 
Application of Statistics to Chemical Equilibria. K. F. 

HERZFELD (Physikal. Z., 1922, 23, 95-100 ; cf. A., 1921, ii, 313).- 
Statistical principles have been applied to chemical equilibria, 
in connexion with polymorphic substances and equilibria in gaseous 
systems a t  low temperatures and at high temperatures. A reason 
is advanced for the good agreement found between experimental 
results and those calculated by the Mernst approximation formula, 
and it is shown to be probable that the conventional chemical 
constant is always about 3. 

CHARLES 
A. KRAUS ( J .  Amer. Chem. Soc., 1921, 43, 2507-2514).-A 
theoretical paper in which it is shown Chat the isohydric principle, 
when applied to mixtures of electrolytes, leads to  a functional 
relationship of the form (Ci)2/Cu=F(SCi) in which C, is the con- 
centration of the undissociated fraction, Ci the ion concentration, 
SCi the sum of the concentrations of all the negative and positive 
ions in the solution, and F(8Ci) any explicit function of the total 
ion concentration of the solution. As the concentration of the 
second electrolyte diminishes, the function Pi/C,=F(P,), in which 
Pi is the ion product, reduces, in the limit, to the same form as 
the function resulting from the isohydric principle. The values 
of the specific conductivity of mixtures of sodium chloride and 
hydrochloric acid as calculated according to this principle are 
shown to furnish a better agreement with the measured values 
than are those on the isohydric principle. 

Partition of Chlorine between Water and a Gaseous Phase. 
W. S. TITOV (Nachr. Physik.-chem. Lab. Semsoinse's, 1917, 102--110 ; 
from Chem. Zentr., 1921, iii, 1222).-The partition of chlorine at 
20° between water and air. containing this gas is given by the 
formula (y- 1*748)3x2= (72.52)3, where x is the volume of chlorine 
per thousand volumes of air and y is the volume dissolved in the 
water under the corresponding partial pressure. For example, 

J. F. S, 
Equilibrium in Mixtures of Binary Electrolytes. 

J. F. S. 
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when x=10 parts per thousand, y=74.27 under a partial pressure 
of 7.6 mm. 

Nature of Secondary Valency. 111. Partition Coefficients 
in the System Water-Ethyl Ether. HOMER W. SMITH (J. 
l'hysicnl Chem., 1921, 25, 605-615, 616-627; cf. A., 1921, ii, 316, 
324).-1n the first paper, details are given of the determination 
of the partition coefficient of forty-nine organic acids and fifteen 
organic bases a t  23" in the system water-ethyl ether. The results 
obtained from a comparative treatment of these partition coefficients 
in terms of molecular volume are in good agreement with the 
results obtained previously (Eoc. cit.) in the systems water-xylene, 
and water-chloroform. The results are discussed in connexion 
with the principles laid down in previous papers. The second 
paper is a supplementary note on the method of correction employed 
in the earlier papers. Corrected values for the partition of chloro- 
acetic acid in the system water-chloroform and for a number of 
organic acids and bases in the systems water-ether are given. 

G. W. R. 

J. F. S. 
Nature of Secondary Valency. IV. Partition Coefficients 

in the System Glycerol-Acetone. HOMER W. SMITH ( J .  
Physical C'hern., 1921, 25, 721-734 ; cf. preceding abstract).- 
The partition coefficients of fifty acids, amines, and amine 
acid phthalates have been determined in the system acetone- 
glycerol. The present results are in excellent agreement with 
those obtained in the systems previously investigated (Zoc. cit.). 
In  the present series of experiments, a fact, which has not 
been observed previously, is noted, namely, that under certain 
conditions, concerning the nature of the solvents and the solutes, 
a solute is not distributed, but is concentrated entirely in one or 
other of the solvents. The series constants for the acids and 
amines have the same absolute value in this system, as contrasted 
with the different values found in systems containing water as 
one solvent. Of the substances examined in the system glycerol- 
acetone, benzilic acid, benzoic acid, a p-dibromopropionic acid, 
2 : 4dinitrobenzoic acid, diieobutylarnine, salicylic acid, 2 : 4 : 6- 
trinitrobenzoic acid, and n-valeric acid pass completely into the 
acetone layer. J. F. S. 

Equilibrium in the Reaction between Sulphur Dioxide 
and Water. F. RUSSELL BICHOWSKY ( J .  Amer. Chem. SOC., 
1922, 44, 116--132).-The reactions between liquid sulphur and 
aqueous sulphuric acid have been investigated over a wide range 
of conditions. At low concentrations of sulphuric acid, two 
reactions occur simultaneously, namely, (1) S(,,)+BH,SO,(aq)- 
2H,O(iiq) + 3S0, (gas) and ( 2 )  4S(h,).+ 4H,O (11s) = 3H,S(gas) -t- 
H,SO,(aq). Both reactions are reversible. In  the acids of a 
greater molecular fraction than 0.06, and a t  temperatures up to 
the critical temperature of water, the second reaction becomes 
negligible. Equilibrium pressures for the first reaction have been 
measured for acids of molecular fractions ranging from 0.041 to 
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0.363 and a t  temperatures from 527" Abs. to 613" Abs., using an 
apparatus of a new type. The vapour pressures of sulphuric 
acid of various concentrations have been measured. Using these 
and other existing data, the free energy for the reaction &A)+ 
2H,SO,(dl) =2H2O(gas)+3SO,(gas) has been calculated to be 
31500 cal. a t  25" and standard conditions. From the data the 
free energy of both aqueous sulphuric acid and sulphur dioxide 
may he calculated. A new type of apparatus for measuring 
equilibrium or vapour pressures of corrosive liquids up to high 
pressures and temperatures is described. This consists of a quartz 
tube contained in a mercury-filled steel bomb which communicates 
with a pressure gauge. The quartz tube is constructed so tha,t 
the material is contained in a chamber at the top; this communi- 
cates through a quartz capillary with a second chamber filled with 
mercury which is in contact with the mercury in the steel jacket. 
The upper part of the bomb only is heated. 

Equilibria in the Systems : Carbon Disulphide-Methyl 
Alcohol and Carbon Disulphide-Ethyl Alcohol. E. C. 
MCKELVY and D. H. SIMPSON (J. Amer. Chem. Soc., 1922, 44, 
105-1 15) .-The temperature of complete mutual miscibility of 
mixtures of carbon disulphide with ethyl and methyl alcohols 
respectively have been determined. The critical solution tem- 
perature of the system carbon disulphide-methyl alcohol is 35.7 O 
and the critical concentration is about 85% of carbon disulphide ; 
solid methyl alcohol separates from the layer rich in alcohol at 
-99.6". The critical solution temperature of the system carbon 
disulphide-ethyl alcohol is -24.4" and the critical concentration 
about 83yh by weight of carbon disulphide. All mixtures freeze 
at -111.7". It is shown that the critical solution temperature 
offers an extremely sensitive criterion of the purity or changes 
of purity of either component, provided that the other component 
is either pure or of constant composition. Distillation of carbon 
disulphide from ceresin is shown to remove the impurities and yield 
a perfectly pure product. 

The Quaternary System : Ammonium Chloride-Sodium 
Sulphate-Ammonium Sulphate-Sodium Chloride-Wat er . 

Induction Periods in Reactions between Thiosulphate and 
Arsenite or Arsenate. A Useful Clock Reaction. GEORGE 
SHANNON FORBES, HOWARD WILMOT ESTILL, and OSMAN JAMES 
WALKER ( J .  Amer. Chem. SOC., 1922, 44, 97--102).-The precipita- 
tion of arsenious sulphide from an acidified solution (acetic acid) 
containing sodium thiosulphate and arsenite is preceded by an 
exceedingly sharp and reproducible induction period. The duration 
of the induction period is strictly in inverse proportion to  the 
concentration of thiosulphate and is practically independent of 
the concentration of the arsenite or the acetic acid. Hy&ochloric 
acid prolongs the induction periods and is much better for experi- 
mental demonstration of induction periods, of the relationship 

J. I?. S. 

J. F. S. 

ALBERT CHERBURY DAVID RNETT (T., 1922, 121, 379-393). 
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between concentration and reaction velocity, and of the temperature 
coefficient of the reaction velocity, than the familiar sulphurous 
acid and iodate reaction. The prolongation of the periods by 
strong acids, the limiting concentrations yielding precipitates 
when arsenates are used, and the speed of precipitation were also 
investigated. J. F. S. 

The Combustion of Complex Gaseous Mixtures. WILLIAM 
PAYMAN and RICHARD VERNON WHEELER (T., 1922, 121, 363- 
379). 

Oxidation of Nitric Oxide and its Catalysis. CHARLES 
LALOR BURDICK ( J .  Amer. Chem. SOC., 1922, 44, 244-251).- 
The rate of oxidation of nitric oxide by oxygen in the presence 
of glass, pumice, pumice impregnated with tungstic acid, nickel 
oxide, cobalt oxide, nickel, cobalt, and manganese dioxide, platinised 
pumice, platinised asbestos, coke, charcoal, and coconut charcoal, 
has been investigated at  temperatures from 0" to 100". It is 
shown that the reaction 2NO+0,=2N02 is not catalysed by 
ordinary porous material either impregnated or unimpregnated, but 
that in the presence of the highly absorptive forms of carbon or 
charcoal the rate of the reaction may be accelerated as much as 
five hundred times. The presence of water vapour in the gaseous 
mixtures greatly decreases the activity of the charcoal catalysts. 
Increase of temperature above the poinZl at which the aqueous 
vapour condenses counteracts this effect to some extent. The 
temperature coefficient of the velocity of reaction for both the 
catalysed and uncatalyQed change is generally negative. In the 
presence of water vapour the temperature coefficient of the catalysed 
reaction is apparently positive. This is probably due to the 
decreased absorption of water by the catalyst at  elevated tern- 
peratures, J. F. S. 

The Transformation of Ammonia into Carbamide. C. 
MATIGNON and M. FR~JACQUES (Comp?. rend., 1922, 174, 455- 
457; cf. A., 1921, ii, 33).-In continuation of previous work (Zoc. 
ci t . ) ,  the yields of carbamide from ammonium carbamate at  the 
equilibrium point at different temperatures are given. Applying 
the law of mass action to the system in equilibrium the authors 
calculate the heat of the reaction to be -6 cal., the experimental 
value being -7.7. The progress of the reaction with time at 
different temperatures from 130" to 145" has been studied. The 
curves indicate that the water formed has an effect on the velocity 
of the reaction. The effect of certain catalysts such as thorium 
oxide, aluminium oxide, kaolin, etc., has been examined. The 
results indicate that whilst they may accelerate the reaction at 
low temperatures, they are without benefit at about 150". 

The Processes NH,*@O*ONH,+H,O GS= (NH,),CO, and 
CO,+H,O =+ SCO,. CARL FAURHOLT (2. anorg. Chenz., 1921, 
120, 85-102) .-Experiments on the velocity of the conversion of 
ammonium carbamate into carbonate indicated that the reaction 
proceeded first with liberation of carbon dioxide, and this con- 

W. G. 
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elusion was confirmed by an investigation of the velocity of the 
reaction CO,+H,O =+= H,CO,. A new method was devised for 
estimating the proportion of hydrated carbon dioxide, that is, 
of carbonic acid, in a solution of the gas. When an aqueous solu- 
tion of carbon dioxide is added to a large excess of ammonia, the 
anhydrous carbon dioxide immediately forms carbamate, which is 
so stable in the concentrated ammonia that there is time to pre- 
cipitate the carbonate as barium carbonate, filter, wash, and 
titrate it. By this method the dissociation constant of carbonic 
acid to Hf+HCO,- was found to be against to  
found by Thiel and Strohecker (A., 1914, ii, 361). This method 
was applied to making approximate determinations of the velocity 
of hydration of carbon dioxide in solutions of sodium hydroxide, 
sodium carbonate, and mixtures of carbonate and hydrogen car- 
bonate. At 0", hydration is immediate in sodium hydroxide solu- 
tion, but in a solution containing Na,CO,: NaHCO, in the ratio 
6 : 4 only 77% of the carbon dioxide added is hydrated in the 
first eighty seconds. Hydration is thirteen times as rapid a t  
18" as at 0". Velocity of hydration is inversely proportional to 
hydrogen-ion concentration. By strong acids, carbonic acid is 
immediately dehydrated, but by weak acids much more slowly. 

The same method of analysis was used for investigating the 
decomposition of ammonium carbamate in acid, aqueous, ammon- 
iacal, and alkaline solution. Before analysis, the solutions were 
made alkaline with 0.1N sodium hydroxide to stabilise the carbamate. 
I n  aqueous solutions containing ammonia and ammonium chloride, 
the proportion of carbamate present a t  equilibrium increases with 
the concentration of either. The equilibrium constant for the 
reaction NH,*CO-O- +H,O e HCO,- +NH, a t  0" had an average 
value of about 0.34. By even very weak acids, carbamate is 
immediately decomposed. On adding alkali again, however, some 
carbamate is re-formed, since two reactions proceed simultane- 
ously with nearly the same velocity, carbamate being formed from 
ammonia and carbon dioxide, and carbonate from carbonic acid, 
which is formed at once by hydration of part of the carbon dioxide 
by the alkali added. 

I n  a 0-05 mol. solution of carbamate in water a t  0", equilibrium 
is reached in about a day; in a 0-1N-ammonia solution, three days 
are required, in a O.4N-ammonia solution, ten days; at 18" the 
reaction is twenty times as fast. I n  sodium hydroxide solution, 
the reaction is much slower, requiring about three days in a 0.1N- 
solution and a month in a 1-ON-solution, at 18". E. H. R. 

The Velocity of Formation of Barium Peroxide. NOBUJI 
SASAKI (Mem. CoZZ. Xci. Kyoto, 1921, 5, 9-96).-For the investiga- 
tion of the velocity of formation of barium peroxide from barium 
oxide and oxygen at high temperatures, 400-625", a special balance 
was devised, so constructed that the specimen under examination 
could be weighed a t  any time, being suspended from one arm of 
the balance, which was totally enclosed and operated from outside 
by means of magnets. A new type of gas washer was also devised. 
VOL. CXXII. ii. 10 
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It consists of a U-tube of glass, one arm being narrow and the 
other expanded into an elongated bulb. The two arms are bridged 
by a narrow glass spiral in such a manner that the gases, entering 
by the narrow arm, bubble through the liquid in the spiral and 
escape a t  the top of the wide arm, which acts as a reservoir for 
the washing liquid. The velocity curves for the formation of 
barium peroxide were of an unusual form. The greater part of 
the paper is devoted to a mathematical analysis of these curves, 
and it is shown that they may be explained on the assumption 
that the oxide consists of a great number of very small, equal 
spherical particles which begin to react one after another, the 
number of spheres becoming active in unit time being proportional 
to the quantity of peroxide already formed. 

The Influence of Protective Colloids on the Corrosion of 
Metals and on the Velocity of Chemical and Physical Change. 
JOHN ALBERT NEWTON FRIEND and REECE HENRY VALLANCE 
(T., 1922,121, 4 6 M 7 4 ) .  

Influence of Temperature on Two Alternative Modes of De- 
composition of Formic Acid. C. N. HINSHELWOOD, H. HARTLEY, 
and B. TOPLEY (Proc. Roy. Soc., 1922, [A], 100, 575--581).-The 
thermal decomposition of formic acid has been investigated a t  283", 
and from the results an hypothesis has been formulated in con- 
nexion with the mechanism of the reaction. Sabatier and Mailhe 
(A., 1911, i, 515) have shown that formic acid may decompose 
according to the equations (a) H*C02H=C02+H2, ( b )  H*C02H= 
CO+H20, and ( c )  2H*CO2H=H*CHO+CO2+H,0. Assuming that 
in the decomposition certain molecules are activated, either by 
collision with other molecules or by the absorption of quanta of 
radiation, the question arises whether every molecule which possesses 
the necessary critical energy reacts a t  once or whether, in addition 
to possessing this, it must be in a certain phase. Under the con- 
ditions of the experiments described, only reactions a and b come 
into consideration. If El and E2 are the critical energies for the 
two alternative reactions and N is the total number of molecules, 
it follows from the kinetic theory that the number of molecules pos- 
sessing these respective energies are N 1 = N ~ - E J R T  and N 2 = N ~ - B a / R T ,  
taking the system as of two degrees of freedom. Then N1/N2= 
c--(E~--EJIRT, so that if one mode of reaction is associated with a 
slightly lower critical energy it would predominate very largely 
if the number of active molecules were the only factor. Actually 
it is found that although the two alternative modes of decom- 
position of formic acid proceed with the same velocity, yet the 
critical increments are so different that one reaction should pre- 
dominate almost entirely unless a phase restriction is introduced, 
and an interpretation of the phase factor is suggested for this 
case, as follows. The critical increments for the two reactions 
are calculated to  Eco= 16000 cal./mol. and Eco,=28000 cal./mol. 
The numbers of molecules activated for the two reactions are 
proportional to  ~-280001RT and ~--16000/R~,  respectively, that is about 
d o  molecules should yield carbon monoxide for one yielding the 

E. H. R. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
22

. D
ow

nl
oa

de
d 

on
 2

5/
10

/2
01

4 
14

:5
7:

47
. 

View Article Online

http://dx.doi.org/10.1039/ca9222205241


QENERAL AND PHYSICAL CHEMISTRY. ii. 275 

dioxide, but since the rates of both reactions are identical a phase 
restriction must govern the reaction yielding the monoxide. If 
the formic acid molecule is assumed to be adsorbed on the glass 
surface by the residual affinity of the carbonyl group, then in the 
case of a sufficiently activated molecule a violent collision between 
the hydrogen- and hydroxyl-groups may occur, and a molecule of 
hydrogen be split off. Although the requisite degree of activation 
may be attained but rarely, nevertheless a high percentage of 
these collisions in activated molecules may result in this type 
of decomposition. On the other hand, for water to bc eliminated 
and carbon monoxide left, a high degree of activation is not 
necessary, possibly since the removal of a hydroxyl group, as a 
whole, from an organic compound is a much less profound change 
than the fission of the hydrogen and oxygen, but very few of the 
activated molecules may decompose, because it is necessary to 
await the contingency that the forces holding the hydroxyl and 
hydrogen to the carbon should be weak enough to  allow the 
simultaneous " uncoupling " of the molecule. 

The Replacement of Halogen in 4-Chloro-3-nitrobenzo- 
nitrile and in 4Bromo-3-nitrobenzonitrile. 11. T. J. F. 
MATTAAR (Rec. trav. chim., 1922, 41, 103-111; cf. this vol., i, 
251; also Conrad, Hecht, and Briickner, A., 1890, 4, 327, and 
1046 ; A., l891,796).-1n order to measure the effect of the cyanogen 
group on the replacement of halogen the velocity of reaction of 
1 - c hloro -2 : 4 - dinitro benzene , 4- chloro -3 -nitro benzonitrile, 1 - bromo - 
2 : 4-dinitrobenzene and 4-bromo-3-nitrobenzonitrile with sodium 
methoxide, with sodium ethoxide, and with sodium phenoxide in 
both ethyl alcohol and methyl alcohol solution has been investi- 
gated. The following conclusions are drawn : (1) the halogen 
atom is more active in the substituted dinitrobenzene than in the 
substituted nitrobenzonitrile, (2) chlorine is more reactive than 
bromine in corresponding compounds, (3) sodium ethoxide reacts 
more quickly than sodium methoxide, (4) the reaction in ethyl 
alcohol takes place about twice as quickly as that in methyl alcohol. 

The Effect of Temperature and the Concentration of Hydro- 
gen Ions on the Rate of Destruction of Antiscorbutic Vitamin 
(Vitamin-C). V. K. LAMER, H. L. CAMPBELL, and H. C. SHER- 
MAN ( J .  Amer. Chem. SOC., 1922, 44, 172-181; cf. ibid., 165). 
-Using the quantitative method previously described (Zoc. ci t . ) ,  
the authors claim to have shown that, under the experimental 
conditions, the velocity of destruction of vitamin-C by heat decreases 
with the time and in greater degree than would be expected if the 
reaction followed the unimolecular law, or the square root rule of 
Schutz. The temperature coefficient is of low order, namely, 
Ql,(60-80")= 1.23 ; Q1,(80-1000)= 1-12. The effect of reducing 
the hydrogen-ion concentration from pH=4.3 to  p,=5-2-4-9 is 
to increase the destruction during one hour at 100" from 50% to 
about 58%. When the material was made alkaline, p,=10.9-8.3, 
the destruction was 61-65%. If re-acidification after heating in 

J. F. S. 

H. J. E. 
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alkaline solution was omitted, there was still further destruction, 
if the material was allowed to remain alkaline for five days a t  10". 
The material used as the source of vitamin4 was tomato juice. 

W. G. 
The Influencing of Catalysts and Specifically Active Cata- 

lysts. E. ABEL (Ber., 1922, 55, [B] ,  322-323).-A final reply 
to Rosenmund and Zetzsche (cf. Abel, A., 1921, ii, 542; Rosen- 
mund and Zetzsche, A., 1921, ii, 320, 392, 393; this vol., ii, 41). 

H. W. 
The Oxygen-Hydrogen Catalysis by the Platinum Metals 

and the Contact Potentials in Presence of Aqueous Electro- 
lytes. K. A. HOFMANN (Bey . ,  1922, 55, [B] ,  573--588).-Since 
previous experiments (A., 1920, ii, 240) were performed with 
platinised porous earthenware tubes, whilst Willstatter and Wald- 
Schmidt (A., 1921, ii, 185) employed platinum black, these investi- 
gators are not justified in concluding that their results are incom- 
patible with the views of Hofmann and Zipfel (Zoc. ci t . ) .  In  the 
present work, no indication could be discovered of the peroxide- 
hydride, to which Willstatter and Waldschmidt ascribe the favour- 
able effect of oxygen on the catalytic activity of hydrogen (D.R.-P. 
301364, Willstatter and Waldschmidt, Zoc. clt.). The volume of 
oxygen occluded by platinised earthenware is shown to be so 
small that any peroxide produced cannot bear any relation to  the 
actual effect of oxygen on catalysis, which is rather due to its 
influence on the catalyst surface. At the same time, the small 
amounts of gas adsorbed by porous surfaces render them much 
more suitable than platinum for determinations of variations of 
contact potential during catalysis. Measurements of the potential 
difference between such an electrode and one of platinum in contact 
with hydrogen at atmospheric pressure show that, whether the 
electrolyte be 17% sulphuric acid or 4% sodium hydrogen carbonate 
solution, contacts impregnated with platinum, palladium, or iridium 
in contact with a mixture of hydrogen and oxygen are electrically 
modified in the opposite sense to that of their previous treatment 
(with one or other of the gases), and the more rapidly this occurs 
the more rapidly is water-formation catalysed. The activity 
diminishes on prolonged treatment with hydrogen or, especially 
in the case of palladium, with oxygen. It is improved by repeated 
variation of this treatment, by repeated use with the stoicheio- 
metrical mixture of the gases, and by varying galvanic polarisation. 
Light and moderate temperature changes are much less effective. 
Hydrogen exerts a greater effect on the catalysis potentials with 
increased hydrogen-ion concentration of the electrolyte, whilst 
the reverse is true of oxygen. These results indicate that neither 
pure hydrogen nor hydrogen-oxygen mixtures produce any special 
oxidising or reducing compound on the catalyst surface of the 
kind suggested by Willstiitter which determines the potential. 
Direct instantaneous determinations of the effect on the same 
electrode potentials of the addition of hydrogen peroxide show 
that this always acts as a strong oxidising agent, and renders it 
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highly improbable that any peroxide-hydride could exert a strong 
reducing influence, apart from the extreme rapidity with which 
the known peroxides are decomposed by platinum metals. Although 
i t  is not improbable that hydrogen peroxide is an intermediate 
product in the formation of water, its existence is so transient 
as to elude all attempts t o  detect it. 

N. BOER (Nature, 1921, 108, 208-209 ; 
cf. ibid. ,  1921, 107, 104,17O).-Further examination of the orbits of 
the electrons postulated in the previous communication has shown 
that the conception of the atom there outlined cannot be reconciled 
with that which assumes the atom to be composed of a number 
of well-defined spherical shells of electrons moving in sharply 
separated regions. The electrons in the atom are still regarded 
as being arranged in groups in such a way that the orbit of every 
electron within a particular group is characterised by the same 
total number of quanta. In  proceeding outwards from the nucleus, 
the number of quanta characterising a certain group of orbits is 
larger by one unit than that of the preceding group. The electrons 
of certain sub-groups will also penetrate into the region of the 
orbits of electrons of inner groups, giving rise to group-coupling, 
which is reflected in the stability of the atom. These considerations 
are applied to the cases of the iron group and the rare earths. 

J. K. 
Atomic Structure. 

A. A. E. 
J. K. MARSH 

and A. W. STEWART (Nature, 1921, 109, 340).-If the central 
magnetic pole in a tank is maintained a t  a strength always exactly 
equal and opposite to the combined powers of a number of floating 
magnets, and if the number of the latter corresponds with units 
of atomic weight in various elements, the magnets arrange them- 
selves in two clearly defined and sharply separated groups, termed 
for convenience the nucleus and ring, respectively. It is a remark- 
able coincidence that the series of groupings obtained corresponds 
exactly with Aston’s suggestions regarding the atomic structure of 
a number of elements and isotopes. In  the case of boron-11 and 
carbon, both nuclei contain six magnets arranged in two pairs of 
concentric triangles, a peculiarity which seems to have some con- 
nexion with certain chemical and physical similarities. 

Correlation of Atomic Structure and Spectra. HAROLD 
S. KING ( J .  Amer. Chem. Xoc., 1922, 44, 323-328).-A theoretical 
paper in which it is shown that Bury’s modification (this vol., ii, 
43) of Langmuir’s hypothesis of the structure of elements is con- 
firmed in addition to the relationship between the atomic diameter 
and the number of electron shells, also by the relationship between 
the atomic number and the number of lines in the arc and spark 
spectra, respectively. J. F. S. 

J. S. TOWNSEND and V. A. 
BAILEY (Phil. Hug., 1922, [vi], 43, 593--600).-1t is shown that 
when an electron moving with a velocity of the order of lo8 cm. 
per second collides with a molecule of argon it loses only about 

A Magnetic Model of Atomic Constitution. 

A. A. E. - 

Motion of Electrons in Atoms. 
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one ten- thousandth of its energy, whereas previous experiments 
showed that in collision with oxygen, nitrogen, or hydrogen, it 
loses more than 1% of its energy. The mean free path of an 
electron moving with these velocities in argon is about ten times 
that in the other gases at the same pressure. 

Relationship between the Internal Friction and the Chemi- 
cal Constitution of Gases. HARRY SCHMIDT (2. Elektrochern., 
1922, 28, 50-55).-A theoretical paper in which the author has 
deduced equations by means of which the atomic radius of the 
elements and the mean cross-section of the simpler molecules may 
be calculated. Using the formula r = d 4 k , / B / 7 ~ ~ ,  in which r is 
the atomic radius, k a constant, M the molecular weight, and v 
the coefficient of viscosity, the following values of the radii have 
been obtained : oxygen, 1.000 ; nitrogen, 1.035 ; hydrogen, 0.752 ; 
chlorine, 1.491 ; sulphur, 1.477 ; bromine, 1.841 ; helium, 0-795 ; 
neon, 0.946; argon, 1-336; krypton, 1.553; xenon, 1.794. The 
mean cross-section of a number of simple compound molecules are 
also calculated and tabulated. 

J. R. P. 

J. F. S. 

Atomic Radius and Ionisation Potential. MEGH NAD SAHA 
(Nature, 1921, 107, 682-683; cf. Basu, Phil. Mag., 1920, [vi], 
40, 619).-The radius, ax, of an atom (the distance from the 
nucleus to  the outermost electron of the Rutherford-Bohr model) 
may be calculated from the ionisation potential, Vz, of an element 
x, from the equation : ax=10-8x (0.532 x 13.56)/Vx cm. The 
atomic radii calculated in this way are smaller than those calculated 
either from crystal data or from the kinetic theory. The following 
values, expressed as ax108, were obtained, those derived from 
other methods being placed within brackets : hydrogen, 0.530 ; 
helium, 0.28 (1.08); neon, 0.33 (0-65, 1.01); lithium, 1.34 (1.50); 
sodium, 1.41 (1.77) ; potassium, 1.67 (2-07) ; rubidium, 1.73 (2.25) ; 
cmium, 1-86 (2.37) ; copper, 0.94 (1.37) ; silver, 0-95 (1.77) ; gold, 
0.83 ; magnesium, 0.95 (1.42) ; calcium, 1.18 (1.70) ; strontium, 
1.27 (1.95); .barium, 1.39 (2.10); zinc, 0.77 (1.32); cadmium, 0.81 
(1.60) ; mercury, 0.69 ; thallium, 0.99 (2.25) ; manganese, 0.98 
(1.47). A. A. E. 

New Method of Determining Molecular Diameters by the 
Electromagnetic Rotation of the Discharge in Gases. C. E. 
GUYE and R. RUDY (Compt. rend., 1922, 174, 382-384).-By 
applying the theory of ionisation by shock to the phenomenon 
of rotation of the electric discharge in gases, the velocity of rotation 
is given by V=cH/12m~2mM. Thus with a constant magnetic 
field and for the same gas, the product of the pressure and the 
velocity observed must be a constant. A new series of measure- 
ments has been made on a number of carefully purified gases. 
The molecular diameters obtained by this method show a close 
agreement in value with those deduced from viscosity measure- 
ments. Contrary to  the general opinion, the observed velocity 
of rotation is not inversely proportional to  the density of the gas, 
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but to the product of the square of the molecular diameter and 
the density. W. G. 

A. REYCHLER (BUZZ. SOC. 
chim. BeZg., 1922, 31 , 67-72).-WarringtonYs formula for calculat- 
ing atomic weights (A., 1915, ii, 160) gives too low a value for 
elements of the two short series. The author’s formula, A=2fl+ 
0.007N2, gives better values, but is not applicable t o  hydrogen and 
is not very satisfactory for elements of the first short series. 
Attention is directed to the relation of this formula to the equation 
v = y  ( N - c ) ~ ,  which expresses frequency of radiation of an element 
when used as an anticathode. 

R. M. CAVEN (Nature, 1921,108, 210- 
211).-Polemical, Langmuir’s (ibid., 1921, 108, 101) view that 
the sodium and chlorine atoms in sodium chloride are not united 
by a chemical bond is attacked, and criticism offered regarding 
the postulation of covalency and electrovalency in certain cases. 

A. A. E. 

Atomic Weights and Frequencies. 

H. J. E. 
Qualities of Valency. 

A Theoretical Derivation of the Principle of Induced 
Alternate Polarities. ARTHUR LAPWORTH (T., 1922, 121, 416- 
427). 

An Explanation of the Property of Induced Polarity of 
Atoms and an Interpretation of the Theory of Partial Valen- 
cies on an Electronic Basis. WILLIAM OGILVY KERMACK and 
ROBERT ROBINSON (T., 1922,121, 427440) .  

Friend’s Theory of Valency. J. D. MAIN SMITH (Chem. 
News, 1922,124, 84-86) .-Friend’s theory of valency as extended 
in a recent paper (T., 1921, 119, 1040) is subjected to a detailed 
criticism. I n  particular, the direct translation of Thornson’s 
physical conception of “ ionised ’’ and “ non-ionised ” valency 
into chemical terms is criticised, on the ground that residual 
valency may partake of the properties of both. Friend’s criticisms 
of some aspects of Werner’s theory are discussed. 

J. J. VAN 
LAAR (2. anorg. Chem. , 1921, 120, 203-208) .-A theoretical 
discussion of the theory of space-filling numbers in relation to  
van der Waals’s equation. 

E. H. R. 
Space-filling and the Equation of Condition. 

E. H. R. 
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